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PREFACE 


The munificent gift of Mr. Witttam Jounston has placed beside the existing 
Thompson Yates Laboratories a laboratory for Bio-Chemistry, Tropical Medicine, 
Experimental Medicine, and Comparative Pathology. These laboratories are occupied 
and directed by workers who have already collaborated in the Thompson Yates Report:. 
It has, therefore, seemed as natural as it is desirable to now issue the work emanating 
from the two sets of laboratories in a single publication. The present volume is the 
first of a new series that we hope may continue to flow from the Thompson Yates and 
Johnston Laboratories in conjunction, evidencing the utility and fruitfulness of the 
generous gift with which the public-spirited founders have equipped the University ot 
their city. 
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THE 


OPENING OF THE JOHNSTON LABORATORIES 


| Pea new Laboratories devoted to Medical Research were formally opened 
on the gth May by the Rt. Hon. Watrer Lone, President or the Local Govern- 
ment Board, in the presence of a distinguished gathering of medical representatives 
of British and foreign countries, and of a large number of the leading citizens of 
Liverpool. The following were amongst those who were present :—Professor 
Nocarp, Professor Wetcerr, Professor BrancHarp, Professor Perrronciro, 
Professor Borrazzi, Professor von Hansemann, Professor UHtworm, Drs. Ravenet, 
ZIMMERMANN, Wurtz, Brumpt, and Porarron. Sir Micuaer Foster, Sir Dyce 
Duckwortnu, Professors CiirrForp ALLBuTT, SCHAFFER, GotcH, Sipney Martin, 
Brapbrorb, STIRLING, DeLepine, TrRevetyan, Watter, THompson, Drs. Copeman, 
Butsrrope, Morr, Dawson Writirams, MacMunn, SreecMann, Mansy, Mr. 
F. J. Witirs, Mr. Witit1am Jounston, Sir Joun Brunner, Mr. FE. K. Musprart, 
Sir ALFRED Jones, Mr. Joun Hucues, Mr. Surron Trmmis, Mr. Joun Rankin. 


DESCRIPTION OF THE LABORATORIES 


The entire block has taken eleven months to construct and to completely 
finish from the date of laying the foundation. The rapidity of construction has been 
of immense service in enabling students to take advantage without delay of the 
greatly increased accommodation, in attracting workers, and in enabling Professors 
Ross and Moors, the Director of the Cancer Research (the Lecturer in Expermental 
Medicine), Dr. GringauM, and the Lecturer in Comparative Pathology, Dr. Annett, 
to start their respective lines of investigation. 

The rapid progress was facilitated by the 
simplicity of the plan of the Laboratories. The 
essential points aimed at where—(1) maximum 
amount of light ; (2) no dark corners, corridors, 
or waste spaces of any kind ; (3) walls rendered 
impermeable by being covered by white-glazed 
tiles; (4) floors and working benches covered 
with a new material named lito-silo, which is im- 
permeable and is moulded to sinks and fittings 
so that joints are abolished ; (5) absence of in- 
ternal partition walls, their places being taken 
by 7-feet screens of wood and glass, thus giving 
complete ventilation to each floor and contribut- 
ing to the light ; (6) simplicity of the gas, water, 


and electric light for each floor, so as to ensure 


immediate accessibility. 
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The laboratories were designed for post-graduate class work and for special 


research, the rooms or cubicles for the latter being very numerous on every floor. 


Laporatory oF Bro-CHEMISTRY 


The Bio-Chemical Laboratory occupies the entire top floor, and consists of 
four rooms fitted up solely for research work upon chemical problems connected with 
the various departments of biological science. 

The principal room is 60 feet long and 30 feet wide, and is well lighted by 
ten large windows, 12 feet by g feet, the small remaining wall space being faced with 
white-glazed tiles, a wall cupboard being fixed to each pier to hold stock reagents and 
standard solutions. A complete belt of benches runs round the walls, and the 
middle of the room is practically divided into four working compartments by two 
large H-shaped benches, having an outside measurement of 22 feet by 16 feet. By 
this arrangement the laboratory is divided into bays in which investigators can work 
surrounded on all sides by working benches. The floor of the rooms and the tops 
of the benches are constructed of polished lito-silo, a material which lends itself well 
to such purposes on account of its resiliency, warmth, and non-absorbent properties. 
Drawers and presses are fitted underneath the benches for the storage of materials 
and apparatus, a free space being, however, left in the middle of each working space 
for convenience in sitting. Two large fume chambers, 9 feet by 3 feet, are built 
into the central benches, one at each end of the room, and contain six gas jets, 
regulated from outside, so that the fittings cannot be attacked by the fumes. Sinks 
are arranged in the wall benches opposite each pier, and each of the large central 
benches is provided with eight sinks. In addition, there are two large sinks placed 
one at either end of the room for washing glass apparatus. Steam is provided by a 
main pipe carried up the track of the lift and conducted along the wall on one side of 
the room for a distance of 18 feet, distribution taps with screw-down valves being 
provided at intervals of 3 feet for the attachment of steam baths and other heating 
appliances. The steam supply is also made use of for the production of distilled 
water by means of a suitable apparatus. 

Opening from the south end of the large room is the Professor’s Research 
Room, measuring 20 feet by 16 feet, provided with working bench, fume chamber, 
and cupboards. 

To the east of this room, and communicating both with it and with the large 
room, is the Balance Room, provided with slate slabs for the support of the balances, 
let into the wall to ensure greater steadiness. The walls of this room are lined with 
bookcases, and there are writing tables under the windows. 

The fourth room, situated on the west side of the Professor’s room is 
designed as a working library for the use of workers in the laboratory, and 1s fitted 


up with bookcases and a writing table. 
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The whole laboratory is admirably lighted by large windows, and is fitted 
with the electric light. It is warmed by hot water, and ventilated by the upper parts 
of the windows and by extraction shafts arranged down the centre. 

This is the first laboratory that has been constructed in Great Britain solely 


for carrying out research work in bio-chemiustry. 


LaBoRATORIES OF ExpeRIMENTAL Meprcingt anpb CANcER RESEARCH 


The department of Experimental Medicine is housed on the first floor. One 
end of the rectangle is taken up by the Director of the Cancer Research. This room 
has window benches along the south and east sides, while in the centre are two tables, 
fitted with drawers, and with sinks at each end. The room has been equipped with 
all necessary apparatus for the histological and experimental investigation of cancer. 
Attention may be drawn especially to a very fine microscope by Swirr, and a new 
mincing machine by Coait, of Paris, by which tissues can be reduced to a state fine 
enough for injection with an ordinary syringe. 

In the machine room in the basement is a centrifuge and disintegrator 
belonging to the equipment of the Research. 

The other (north) end of the rectangle is divided into two private rescarch 


rooms, each having two windows. The intervening portion is divided by a narrow 


= 


= 


corridor, on the east side of which are (1) the attendants’ compartment, with large 
sink for washing up, shelves, etc., and a large slate on which are placed the autoclave 
and Kocu’s sterilizer connected with the laboratory steam supply ; (2) the incubator 
room, which is glazed up to the ceiling, in it are placed the incubator and the hot-air 
sterilizer, on slabs, and the glass-blower’s table ; (3) a small room at present used for 


stores. 
On the west side, next the entrance door and just opposite the Director’s 


room, is the electrical room. In this is piaced out of reach and danger an induction 
X-ray coil, giving a 24-inch spark ; while on the floor isa series of accumulators, 
charged from the main, for working the coil. A complete outfit for X-ray work is 
provided ; also a small resonator for applying the high frequency current and a large 
solenoid within which the patient can be placed. A new model arc lamp for 
investigating the therapeutic action of light, taking a current of fifty amperes, is also 
fixed in this room. It can be carefully darkened if necessary. Beyond this is a room 
for experimental pathology, and after this another research room. The Director’s, 


the incubator, and the electrical room are glazed to the ceiling; the others are 


g 
separated by screens or cupboards, seven feet high, and the corridor is formed in the 
same way. There is consequently through ventilation for the whole floor. The 
fume chamber is placed in the corridor, and ventilates into the main flue. 
Belonging to the Cancer Research is also a greenhouse, in which animals 


accustomed to a tropical climate can be kept. 
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LaporaTorRIges OF TrRopicaL MeEpIcINE 


These are situated on the first floor of the Johnston Laboratories, and are 
contained within a large room, about 95 feet long and 35 feet broad. The main part 
of the room is devoted to students, but three chambers are partitioned off for the 
special use of persons who wish to do research work in connexion with Tropical 
Medicine and Parasitology, each of these rooms having all fittings and appliances for 
this purpose. One end of the floor contains the professor’s room and the incubator 
room. ‘The whole is walled with white glazed tiles. The floor is rendered imper- 
meable by a layer of deep red lito-silo. Along the walls of the whole floor there runs 
a bench for microscope work, covered with a thick layer of sea-blue lito-silo. Electric 
light, gas, and water are suitably fitted at distances of every four yards of this bench 
for the use of students. The partitions of the room are fitted with cupboards, in 
which the museum of tropical diseases, which the school is now purchasing, is being 
arranged. Steam is also laid on to the laboratory, which possesses all the necessary 
apparatus. There is accommodation for quite forty workers in the new laboratory of 
the school. 


LasorRaTORIES OF COMPARATIVE PaTHOLOGY 


The Institute of Comparative Pathology occupies the basement of the new 
Johnston Laboratory, and comprises the lecturer’s private laboratory, a general 
laboratory, incubating room, sterilizing room, and a post-mortem room. 

The laboratories are fitted with window benches and tables, and have a 
complete outfit of gas, water, and electrical fittings ; the walls are tiled with white 
glazed tiles, and the floors and bench tops are covered with lito-silo. Each side of 
the partitions dividing the area into sections is fitted with cupboards, which will be 
largely utilized for museum purposes. The post-mortem room will be fitted with 
a post-mortem table for large animals. 

These laboratories will be furnished for lectures, demonstrations, and practical 
work in the subjects of comparative pathology and bacteriology, and also for the 
testing of various vaccines and sera prepared at the Institute’s Farm Station. Facilities 
will also be afforded for acquiring the technique necessary for the manufacture of 
these products, and also for research work. Practical instruction in the physiological 
and pathological actions of these and allied substances will also be provided. 

The farm in connection with the Institute is favourably situated in a most 
suitable and accessible agricultural district in North Cheshire. It has been provided 
with laboratories, fitted up with modern scientific appliances and apparatus for the 
production on a large scale of vaccines and sera. A general bacteriological 
laboratory, an incubating room, mixing, distributing, and sterilizing rooms, and a 
separate room specially set apart for the preparation of calf-lymph vaccine, and 
another room for plague prophylactic and serum, make up the laboratory accommo- 


dation. 


sy 


\ 


vE II 


PLA 


WOO" 


SNIHOVN FHL 


NI ssdud NOL-OOZ@ 


WOOU ANIHOVIN 


$ +d anf of, 


OPENING OF THE JOHNSTON LABORATORIES 5 


The preparation of the various sera and vaccines will be carried on at the 
farm station, and opportunities will be afforded to those interested in the subject to 
acquire the principles of their manufacture, and also to avail themselves of the 
practice in veterinary science at the out-patient department shortly to be established. 


Macuine Room 


A large room has been fitted in the Thompson Yates laboratories with 
apparatus for the use of the various research departments. Shafting running the 
length of the room is driven by a 10 horse-power motor, and from the shaft 1s 
driven an hydraulic press giving a total pressure of 200 tons, a high-pressure filtering 
apparatus, and gas liquefier, and a powerful centrifuge. From a smaller motor and 
shatting is driven a large centrifuge, a vaccine mill, a bacterial mill and disintegrating 
apparatus. The shafting is so constructed that new apparatus can be added as 


occasion requires. 


Manvracture OF MepIA 


A special room has been set apart for the preparation of media, which is now 
required in large quantities. A method which has proved very usetul is the use of 


various coloured cotton plugs to distinguish the numerous sugar and other media. 


OPENING SPEECHES 


On the evening of the gth May, a banquet, presided over by Mr. Witiiam 
JouNnsTon, was given to Mr. Watrer Lone and the numerous distinguished guests 
who had come to Liverpool for the opening of the new Laboratories. The Lord 
Mayor of Liverpool, at the request of the Chairman, proposed the toast of the 
Right Hon. Water Lone ; Sir Mtcuaet Fosrer replied to the toast of Science 
and Commerce given by Sir Atrrep Jones; and Dr. Ravener, Professors Nocarp, 
Wercert, and Perronciro replied to the toast of ‘Our Foreign Guests’ given by 
Sir Joun Brunner. The following speeches were delivered by Dr. Ravener and 
Professors Nocarp, WeitceErtT, and PEerronciTo :— 


Dr: RAVENEL'S REPLY -7O.LHE-~TOAS® 


Mr. Cuarrman, My Lorp Mayor, Mr. Lone, anp GEenTLEMEN 

In the name of my country I beg to thank Sir Joun Brunner most heartily 
for the warm terms in which he has spoken of the foreign guests, and especially for 
the most flattering references made by him to America, and beg to assure him that 
whatever feeling of being strangers we may have had on our arrival, was quite dispelled 
by the warm welcome accorded to us in his city as well as by his words to-night. I 
could well wish that the task of representing America had been entrusted to more able 
hands ; I trust that [am not one of those guilty of the crime, often charged against 
my countrymen, of squeezing the eagle on every occasion to make him scream his 
loudest. Well, I confess to such faith in my country that I feel that the best we 
have, there is none too good to represent her on any occasion whatsoever. You can 
understand then what my feelings are in being asked to represent her on an occasion 
so memorable as this. Graced by an assembly of men, prominent in all walks of 
life, gathered together in celebration of the opening of laboratories, which I may, with- 
out exaggeration, say give the promise of the opening of a new era in Preventive 
Medicine. I have been asked to give some account of what is done in the United 
States of America for the cure of diseases of animals in general, and especially of those 
diseases transmissible to man. We have in Washington a central department, under 
the charge of the Secretary of Agriculture, known as the Bureau of Animal Industry, 
now under the able care of Dr. Danret E. Satmon, a veterinarian of distinction. In this 
department there are the following sub-divisions :—a Laboratory of Bio-Chemistry, 
under the charge of Dr. p—E Scuwernitz, which employs, as a rule, from twelve to 


fifteen men; a Pathological division, under the charge of Dr. Mon er, with about 
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the same number of workers as the dairy division, which has charge of matters 
pertaining to the dairy industry. In addition to these departments there are employed, 
under Dr. Dk ScHWwErniTz, about 2,500 meat inspectors. Many employed in the 
examination of meat at the slaughter-houses, while others are employed in the micro- 
scopic division for the detection of trichinae, and other such diseases ; many of the 
latter being women. 

Besides this central bureau, each State has its own laws and regulations to meet 
local and individual necessities. For instance, in the State of Pennsylvania we have 
a State Live Stock Sanitary Board, consisting of the Governor of the State, a Secretary 
of Agriculture, a Dairy and Food Commissioner, and the State Veterinarian, and under 
this Board is a Bacteriological Laboratory, of which I have charge ; in which diagnostic 
and research work is carried out. There are also in the State of Pennsylvania a 
Forestry Commissioner, an Entomologist, a Geologist, and a number of Chemists, so 
that it will be seen that the number of trained scientific men employed in our country 
is quite large. There is also in Pennsylvania a State College, in which especial attention 
is given to the testing of foods and fertilizers, and to the instruction of young men in 


the principles of scientific Agriculture and Dairy Farming. 


5 

The invitation to attend the opening of the Johnston Laboratories was especi- 
ally a welcome one to me, and came like a command. Our recent responsibilities in 
the acquisition of the Phillipine Islands, in Cuba and Porto Rico, and the Isthmian 
Canal, as well as the closer relationships which have been established between my 
country and tropical countries in matters of trade, have forced upon us, so to speak, 
the necessity of careful study of the diseases incident to these climates, so that | 
immediately realized the great opportunity presented to me of learning from those 
who have for some years prosecuted studies so rich in results, as you have associated 
with you in Liverpool in your Tropical School. Your school has more than justified 
its existence, and where it not that it has such sober truth, it would seem fulsome for me 
to add to what has already been said in praise of the magnificent munificence of Mr. 
Jonnsron in establishing the Johnston Laboratories. We can understand, however, 
the absolute confidence with which he has given this money when we glance over the 
history of your school for the past four years, and which in that short time has 
established for itself a reputation equalled by none in the world. In going through 
the Jaboratories as we have done to-day, I am sure that all of us foreigners, as well as 
your own people, must have received inspiration, and it was difficult to know what 
to admire most, the far-sighted generosity which had established these laboratories 
or the brain which had planned and equipped the building. We feel sure, however, 
that like the apparatus so substantial, solid, and of the best quality, the work turned 
out from these laboratories will be of an enduring and lasting character—a boon not 
to the University, not to Liverpool, not to England even, but to the whole world. 
The interest of other people in these laboratories is attested by the number of scientific 
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men who have come from great distances to attend your ceremonies. Their presence 
is an indication of that finest of all rivalries in which each nation strives to out-run the 
others in discoveries for the prevention of disease—discoveries which once made are 
not patented, nor copyrighted, nor controlled in any manner whatever, but given 
freely to suffering humanity of every nation and of every clime. The meeting this 
afternoon, as well as this gathering to-night, is unique as far as my experience 
goes in one other point, viz. :—The number of business men who are here with 
your scientific men, apparently all as deeply interested and concerned as are the 
scientific men themselves. It is an inspiring sight, and one full of hope for the 
scientific man of the future. 

In conclusion, Mr. Chairman, I beg to thank you personally for myself, as 
well as for my country, for the generous hospitality which you have accorded me. 


Proressork NOCARD’S REPLY TO THE TOAST 


MesstEuRS 

Je m’ excuse de parler en frangais ; j’ai pour cela une bonne raison ; c’est que 
je ne sais pas parler anglais ; je ne l’ai jamais autant regretté qu’ aujourd’ hui. 

Pourtant, si je vous inflige ennui d’écouter un mauvais discours frangais, il 
ne faut pas trop m’en vouloir. C’est la faute de mon ami Boyce. Je l’avais prié de 
confier ce toast a mon collégue BLancHarp ; Boyce n’a pas voulu ; il prétend que c’est 
le droit et le devoir du plus ancien. 

Le droit d’ancienneté ! Comme on y renoncerait avec joie ! 

Pourtant BLancuarp était bien mieux qualifié que moi pour parler au nom des 
Frangais ici presents. 

D’abord, il a le don des langues ; il parle l’anglais, l’allemand, l’italien, presqu’ 
aussi bien que le frangais. 

F'n second lieu, c’est 4 coup sir, parmi nous tous, celui qui connait le mieux 
Yoeuvre considerable que vous avez accomplie ; c’est lui qui vous I’a fait connaitre 
en France et qui nous a donne le désir de la voir de plus pres. 

Enfin c’est surtout a lui que nous devons d’avoir pu jeter en France les bases 
dune Ecole de Médecine Coloniale analogue, de loin—oh! de biea loin hélas !— 
a celle de Liverpool. 

A tous ces titres, BLANCHARD vous aurait dit, beaucoup mieux que moi, combien 
nous avons été touches de votre gracieuse invitation, combien nous sommes heureux 
d’avoir vu ces superbes laboratoires dont vous a dotes la munificence éclairee de vos 
concitoyens, combien nous vous sommes reconnaissants du grand example que vous 
donnez au monde et des idées fecondes que nous emporterons de Liverpool. 

J étais chargé tout spécialement de vous apporter les compliments et les voeux 
de l'Institut Pasteur de Paris et de I’Ecole Vétérinaire d’Alfort. MMM. Duc taux, 
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Roux, Laveran, Mercunikorr cette pléiade de savants dont nous sommes si fiers en 
France, et en qui revit l’esprit de Pasteur, m’avaient chargé de vous exprimer tous 
leurs regrets de ne pouvoir assister 4 votre belle féte. 

Mais puisqu’ aussi bien, mon ami Boyce m’en a fait une obligation, c’est au 
nom de tous mes compatriotes ici présents—MM. Brancuarp, Worrz, Brumpt, 
et PoLaILion, qui appartiennent tous a |’Ecole francaise de Médecine Coloniale—que 
je vous prie d’agréer l’expression bien sincere et bien cordiale, de nos remerciments 
de nos félicitations et de nos voeux. 

Messieurs, L’Ecole de Medecine Tropicale de Liverpool a deja rendu d’éminents 
services a la science et a ’humanité ; en attribuant le prix Nobel de Médecine au plus 
illustre d’entre vous, le monde savant l’a reconnu d’une fagon éclatante. Aujourd’ hui 
que l’Ecole de Liverpool dispose de ces admirables moyens de travail que font les 
‘Thompson Yates et les Johnston Laboratories,’ nul doute qu’il n’en surgisse bientot 
de nouvelles découvertes, aussi belles que le premieres, aussi glorieuses pour la science, 
aussi fécondes pour les progres de la civilisation. 

Messieurs, Je bois a la prosperite de l’Ecole de Médecine Tropicale de Liver- 
pool et je vous demande la permission de résumer mon toast en la vieille devise de 
nos Universités latines. 


Vivat, Florat et Crescat! 


Prorressor WEIGERT’S REPLY TO THE TOAST 


HocHveEREHRTE FEsTGENossEN ! 

Vor etwa siebzig Jahren, zu der Zeit also, als Schwann seine epochemachenden 
Arbeiten tuber die Zellenlehre verdffentlichte, da waren ftir unsere Wissenschaft noch 
recht glickliche Zeiten. Man brauchte nur, wie Meister Henle sich einmal 
ausdruckte, mit dem Fingernagel ber irgend etwas hinwegzukratzen und das 
Abgekratzte unter das Mikroscop zu bringen, sogleich hatte man eine Entdeckung 
gemacht. Man fihrte eben damals den Krieg gegen die Feinde der Menschheit, 
gegen die Krankheiten (und um einen solchen directen oder indirecten Krieg 
handelte es sich ja immer), so zu sagen mit der Hand und den einfachsten 
Werkzeugen, gerade wie in alter Zeit die Kriege der Menschen untereinander nur 
mit der Faust und den einfachsten Waffen ausgefochten wurden. Die Zeiten haben 
sich seitdem griindlich geandert. Was man mit jenen einfachen Mitteln entdecken 
konnte, ist langst entdeckt, aber es ist immer noch ungeheuer viel zu entdecken 
ubrig, und wenn man jetzt ‘die Natur ihres Schleiers berauben ’ will, so muss man 
es eben doch ‘mit Hebeln und mit Schrauben’ zu erzwingen suchen (Faust), man 
muss allem médglichen Mittel der Mechanik, der Physik und der Chemie 
verwenden, um Entdeckungen auf dem Wege der Beobachtung oder des 


Experiments zu Stande zu bringen. Wahrend die alten Forscher fur ihre so oft 
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ja bahnbrechenden Arbeiten nur eines kleinen Zimmers und einiger einfacher 
Apparate bedurften, so sind jetzt zur Forschung und nun gar ftir den Unterricht 
machtige Institute néthig, ausgestattet mit reichlichen kostbaren Einrichtungen und 
Apparaten, gerade wie die eigentlichen Kriege ja auch zur Vorbereitung und zur 
Fuhrung der raffnirtesten technischen Apparate und der ausgekligeltesten Mittel 
bedurfen. Welch ungeheure Summen diese menschenvertilgenden Kriege dadurch 
verschlingen, das weiss ja ein jeder, aber auch die menschenerhaltenden, die wir 
zuftihren haben, bedtrfen unter den gegenwartigen Verhiltnissen grosser Mittel, 
wenn diese auch im Vergleich zu jenen gar sehr bescheiden genannt werden kénnen. 
Es ist nun fiir die Menschheit im Allgemeinen hoéchst erfreulich und ftr ein 
specielles Gemeinwesen ausserordentlich ehrenvoll, wenn sich in einem solchen 
Manner finden, die in hochherziger und verstindnissvoller Weise grosse Summen 
spenden, damit gut ausgestattete Forschungs und Lehrinstitute gegriindet werden 
konnen. Zur Einweihung eines solchen neuen Institutes, das der Munificenz eines 
Liverpooler Burgers seine Entstehung verdankt, sind wir aus weiter Ferne 
eingeladen worden, und wir sind der Einladung gern gefolgt. Es ist mir nun ein 
besonderes Bedtirfniss vor Ihnen; geehrte Festgenossen, auch im Namen meiner 
Landsleute unseren herzlichsten Dank auszusprechen, einmal fiir die liebenswtrdige 
Finladung tiberhaupt, sodann ftir die so tberaus freundliche Aufnahme, die wir hier 
gefunden haben, und fiir die schénen Worte, mit denen uns Sir Joun Brunner 
begrtisst hat. Diesem speciellen Danke méchte ich aber noch einen allgemeineren 
hinzuftigen, namlich den ftir das gute Beispiel, das die Liverpooler Burger allen 
andern Burgern gegeben haben, und von dem nur zu wiinschen ist, dass es aller 
Orten recht eifrige Nachahmung finden moge. 

I drink to the health of the Maecenas of Liverpool, and especially the 
health of Mr. Jounsron. 


Proressor PERRONCITO’S REPLY TO THE TOAST 


ILLusrR1 SIGNORI, E CHIARISSiMI CoLLEGHI ! 

Sono. orgoglioso di portarvi il saluto della mia patria, che ebbe pochi giornt 
addietro la fortuna di ospitare il vostro Augusto Sovrano Re Edoardo VII. 

Noi Italiani serbiamo la piu grande venerazione pel popolo Inglese, !o 
ammiriamo spesso nelle sue potenti iniziative pel progresso delle Scienze, delle art, 
delle industrie del commercio e dell’ agricoltura. Con quanta soddisfazione io abbia 
quindi accolto Pinvito di partecipare a questa grande solennita dovuta allo spirito 
intraprendente degli Inglesi, e alla munificenza del benemerito Signor JoHNsron, potete 
immaginarvelo pensando all’ amore che si deve portare alle officine della scienza e 
del lavoro. 

Sua Eccellenza il nostro Ministro della Pubblica Istruzione Nunzio Nasi, 
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penetrato della grande importanza che avra questa nuova Scuola nel mondo scientifico, 
e del bene che ne potra ridondare all’ umanita intiera, mi ha affdato l’alto onore di 
rappresentare 11 suo Ministero, e |’ Universita Italiana a questa festa. Quindi 
Ministero ed Universita Italiane oggi festeggiano con voi il grande avvenimento che 
formera esempio non morituro di amore alla scienza ed al progresso mondiale. 

La Scuola di Medicina Tropicale, largamente dotata ed organizzata nel 
porto che tiene 11 primo posto pel commercio e le comunicazioni con tutto l’orbe 
terraqueo, costituira il faro massimo del progresso scientifico ed umanitario. 

L’ Universita di Liverpool dalle nuove forze e dalla potente Istituzione, acquistera 
quell’ alta posizione che le sapranno creare la sapienza dei docenti, Ja proverbiale 
munificenza Inglese, ed un governo forte e libero sotto la dinastia di un Re ed 
Imperatore dottissimo. 

Non vi € chi non scorga nell’ istituzione del Laboratorio di Medicina Tropicale 
una iniziativa della piu alta importanza, massime ora che 1 rapporti commerciali, ed i 
mezzi di trasporto sono cosi facili tra le popolazioni nordiche e quelle del sud dei due 
emisferi ; fatto che se da un lato e fonte di benessere economico, dall’ altro puo essere 
causa di piu facile diffusione det morbi infettivi. Collo studio delle speci parasitarie 
che trovano ambiente piu adatto nelle zone calde dove l’umidita e la temperatura sono 
elementi importantissimi per la loro coltura fuori dell’ organismo dell’uomo, e delle 
speci animali utili, si oppone un’ argine potente al loro sviluppo e alla loro diffusione. 

La Bio-Chimica che scruta la composizione degh elementi anatomict in rapporto 
alle loro proprieta vitali, e studia 1 prodotti degli organismi grandi e piccoli benefici 
e viventi parasitari, ne valuta ’importanza per stabilire norme curative e preventive 
generali e sicure contro 1 morbi epidemici ed epizootici. 

I, da essa la scienza si attende nuovi progressi che possiamo_ prevedere 
importantissim1. 

La Patologia sperimentale che studia le malattie producendole artificialmente 
per indagarne meglio la essenza l’andamento e gli esiti per una cura eventualmente 
specifica, in questi laboratorii potra piu rapidamente progredire a benefizio dell’ umanita 
e della ricchezza mondiale. 

La Patologia comparata studiando con opportuni mezzi le malattie delle diverse 
speci animali, e nelle piante affrettera il giorno: in cui noi saremo in pieno possesso 


gioni ora 


del ‘nosce te i. sum’ per combattere 1 mali nella loro origine, redimere le re 
malefiche, e transformare il tutto a beneficio dell’ umanita progredita. 
Signor! Interprete dei sentimenti del Ministro che ho l’onore di rappresentare 
e di tutti gli Italiani porto anch’io un brindisi quale tributo di riconoscenza al Signor 
Jounston per la sua opera di alto interesse internazionale coll’ augurio che questi 


laboratorii dischiudano e rischiarino presto nuovi orizonti pel benessere universale. 


Finisco con un Evviva al Popolo Inglese ed al suo grazioso Sovrano ! 


THE NATIONAL IMPORTANCE OF THE STUDY OF 
TROPICAL VETERINARY MEDICINE 
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THE NATIONAL IMPORTANCE OF THE STUDY OF 
TROPICAL VETERINARY MEDICINE 


Being a speech delivered by Professor Nocarp at the Conference of Tropical Medicine 
held in Liverpool, May 11, 1903 


Ce qui m’a le plus frappé pendant mon séjour a Liverpool, c'est lalliance 
intime qui s’y’est etabli¢ entre le Commerce et la Science ; alliance féconde dont 
bénéficient largement la civilisation et I"humanite tout enticre. 

Chez nous, en France, loin d’encourager les hygienistes, les commergants les 
considérent comme des géneurs, sinon comme des ennemis et l’on voit, de temps a 
autres, les agriculteurs recevoir a coups de fourche ceux qui sont chargés d’appliquer 
Ja loi sanitaire qui n’a pourtant pas d’autre but que de sauvegarder les interéts de 
lagriculture—Vous, Messieurs les commergants de Liverpool, vous avez compris que 
la marchandise qui cote le plus cher, c’est encore la vie humaine et que les savants 
et les hygienistes sont les plus précieux de vos auxiliaires. 

Honneur a vous! Puisse votre example étre suive de l'autre coté de la 
Manche ! 

On vous a dit sur tous les tous depuis 3 jours les beautés de oeuvre que vous 
avez accomplie ; voulez-vous me permettre de vous signaler une lacune qu'il vous 
sera d’ailleurs facile de combler ? 

Votre école de médicine tropicale est tres bien outillee pour doter vos colonies 
d’excellents meédecines ; mais il semble que vous n’ayez pas songé a y préparer de bons 
Véterinaires coloniaux. Et cependant la chose en vaut la peine ! 

Pour tous les pays neufs—et ce sont les plus fructueux pour les marchands 
hardis et entreprenants que vous étes—les voies de communication sont plus que 
rudimentaires ; le roulage y est inconnu ; les seuls moyens de transport sont les bétes 
de somme ; a defaut de bétes de somme, il ne reste que homme et vous savez mieux 
que moi le prix exhorbitant du transports a dos d’homme. 

Votre Livincsrone a dit quelque part que la ‘tsé-tsé’ était le plus grand 
obstacle a la penetration de la civilisation dans l’afrique centrale! C'est que toutes 
les bétes de somme sout sensibles au ‘ Nagana’ que leur inoculent les piqdres de la 
‘Tsé-tsé’ 5 et c’est aussi que la ‘ Tsé-tsé’ a fait échouer lamentablement tant d’expédi- 
tions, tant d’explorations admirablement préparées 

L’étude Scientifique des maladies des animaux est donc tout aussi nécessaire 
que celle des maladies de homme pour aider aux progres de la civilisation qui sont 


lies si étroitement a la prosperite du Commerce. 
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Permettez moi de vous citer un fait récent, qui interesse tout particulitrement 
l’Angleterre, et qui vous montrera d’une fagon saisissante l’exactitude se cette 
proposition. 

F'n temps normal, c’est a Madagascar que les agriculteurs de He Maurice 
s’approvisionnent du Betail nécessaire au travail de la terre ou au transport des récultes. 
Pendant la guerre Sud-Africaine, l’Angleterre a utilisé pour la nourriture de son 
armée presque tout le Betail disponible a Madagascar. 

Les Mauritiens ne pouvant utter contre la concurrence que leur faisait la métropole 
aut du se pourvoir ailleurs. Beaucoup ont eu lideé de faire venir des boeufs Indies 
quwils pouvaient acheter 4 meilleur compte. En Septembre, 1901, un navire chargé 
de boeuts indies dut étre umiss en quarantaine a son arrivée a Fort-Louis, pour cette 
raison qu'un certain nombre de boeufs étaient morts pendant la traversée ; quelques 
unes étaient encore malades ; les Veéteérinaires charges du service sanitaire les exam- 
inerent a diverses reprises, firent l’autopsie de plusieurs, sans réussir a déterminer 
la nature et la cause de la maladie ; puis, apres un certain temps, la mortalité ayant 
cess¢, les malades paraissant gueris, on leva /’embargo et l’on rendit a la libre désposition 
des importateurs le reste de la cargaison. 

Or qu’ est-il arrivé f 

Partout ou les hasards de la vente avaient disséminé les survivants, on vit 
bientot leurs compagnons d’ écurie tomber malades, et succomber avec des symptomes et 
des lésions identiques a ceux observés pendant la travers¢e ou pendant la quarantaine. 
Bien plus, la maladie ne se borna pas a frapper les boeufs ; elle frappa également et 
d’une fagon beaucoup plus grave les chevaux et les mulets, puis se propagea rapide- 
ment, dans toutes les directions, sur toute la surface de l'He, en sorte que les agriculteurs 
se demandaient avec anxiété comment ils allaient faire la récolte de cannes a Sucre. 

Cette maladie si grave, ou en a longtemps méconnu la nature; ce n’est que vers 
la mois d’avril, 1902 qu’un meédecin, le docteur Lesur, examinant au microscope 
le sang d’animaux malades appartenaut a l’un de ses amis, y constata la présence de 
nombreux parasites filiformes, extrcmement mobiles, qu’il put ais¢ément assimiler au 
Trypanosome du Nagana de l'Afrique australe ou du Surra de l’Inde. 

Monsieur Laveran et moi avons confirmé ce diagnostic, apres étude de 
nombreuses lames de sang qu’ou nous envoya de Maurice. 

Vous savez que le Nagana est propagé par la ‘Tsé tsé’ qui, puisant dans la 
peau des animaux malades du sang charge de parasites, Pinocule par ses piqdres dans 
la peau des animaux sains. 

La ‘ tsé-tsé’ n’existe pas dans l’Inde Anglaise ; c’est un autre insecte suceur, le 
‘tabanus tropicus,’ qui parait jouer le méme role qu'elle. A Maurice, on ne connait 
ni la tsé-tsé ni le taon des tropiques ; mais il y existe un grand nombre de mouches 
piquantes qui tourmentent les animaux au travail et, parmi elles, il en est une, le 


“stomoxys nigra,’ qui parait bien ctre l’agent principal de la propagation de la maladie. 
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Jusqu a présent ou ne connait ancun moyen de traiter efficacement le Nagana 
ou le Surra ; le seul moyen sur d’éviter lés ravages de ces maladies, consiste donc a 
empécher l’importation d’aminaux malades. Si les autorités de Maurice eussent fait 
abattre a V’arrivée tous les survivants de la cargaison infectée, Vile eut échappé a 
l’effroyable épizootie qui menace de la ruine ses industries agricoles. 

Malheureusement, les agents du service sanitaire avaient une instruction techni- 
que insuffisante ; ils n’avaient jamais vu le Surra; ils ignoraient par quels moyens 
simples on peut le reconnaitre, méme chez des aminaux qui ne présentent aucun 
symptome apparent et, quand la maladie a été reconnue, il était trop tard pour enrayer 
son extension ; déja Vile entiere était infecteé. 

Eh bien, supposez que les mauriciens aient pris l’habitude d’envoyer leurs 
vétérinaires, tous les 2 ou 3 ans, faire un stage de quelques semaines dans une école 
comme la votre, pour se retremper aux sources, pour se mettre au courant des progres 
de la science, nul doute qu’ils n’aient réussi a dépister l’existence du Surra sur les boeuts 
suspects et a faire l'économie de l’épizootie actuelle qui constitue un veritable désastre ! 

Par cet exemple, vous jugerez sans doute, Messieurs de Liverpool, que votre 
Ecole de Médecine tropicale qui a déja rendu tant de services ne doit pas seulement 
vous préparer de bons medecins coloniaux, mais qu’elle doit étre aussi largement 
ouverte aux Veterinaires qui se destinent au service des Colonies. 

Soyez surs que l’excedent de dépenses qui en reésultera pour votre budget, 


vous sera remboursé au centuple. 
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ON THE SYNTHESIS OF FATS ACCOMPANYING 

ABSORPTION FROM THE INTESTINE, AND ON 

THE LIMITATIONS OF SYNTHESIS BY ENZYMES 
AND BY LIVING CELLS, RESPECTIVELY 


By BENJAMIN MOORE, M.A., D.Sc. 


JOHNSTON PROFESSOR OF BIO-CHEMISTRY AT UNIVERSITY COLLEGE, LIVERPOOL 


T is now generally accepted that the neutral fats of the food are completely split 
up in the course of intestinal digestion, by the lipase of the pancreative juice, 
into free fatty acids and glycerine, and that the fatty acids are then rendered 

soluble by the bile salts and lecithin, either in the form of free acids or as alkaline 
soaps. So that all the constituents formed in fat digestion are finally taken up by the 
columnar cells in soluble form.' 

It has long been known that the main part, if not all, of the absorbed fat 
leaves the intestinal wall by the channel of the lacteals, and that the fatty chyle 
contained in these vessels, after traversing the abdominal lymphatic glands, is poured 
by the thoracic duct into the systemic circulation. Now somewhere along this 
course a synthesis occurs of the fatty constituents back again into neutral fats, for 
Monk’ has shown that when fatty acid, instead of neutral fat, is administered by the 
mouth, a synthesis has been effected by the time the absorbed fatty acid has entered 
the thoracic duct, whereby from go to 95 per cent. of the free acid has been combined 
to form neutral fat. It is also worth noting, in view of the discussion which will be 
presented later on in this paper of the character of the synthesis here brought about, 
that it is unnecessary to feed glycerine along with the fatty acid ; that is to say, 
somewhere between intestine and thoracic duct, glycerine is either carried in or 
synthetically formed from other constituents, and united to the fatty acid to form 
neutral fat. This experiment, therefore, casts doubt on the view that the fatty acid 
in the normal course of digestion of fat is entirely re-united to the same glycerine 
from which it was detached in the intestine. For it is probable that the rates of 
absorption of glycerine, and fatty acid or soap, respectively, from the intestine are not 
quite identical ; and although it is possible that these constituents after absorption are 


stored by cells somewhere along the channel of absorption, and re-united to each 


1. Moore & Rockwood, Proc. Roy. Soc., vol. 1x, 1897, p. 438 3 Journal of Physiology, vol. xxi, 1897, p. 58 ; Moore & Parker, 
Proc. Roy. Soc. vol. \xviii, 1901, p. 64.3 Pfliiger, Arch. fo d. ges. Physiologie, Bd. Ixxxii, 1900, S. 303, 3813 Bd. Ixxxv, rgo1, 
S. 15 Bd. Ixxxviil, 1902, p. 299, 431 5 Bd. xc, 1902, S. 1. 


2. Virchow’s Arch., \xxx, 1880, S. 17 3 xcv, 1884, S. 452. 
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other, it is also possible that the glycerine absorbed may either be used as a source 
of energy by these cells, or allowed to pass on, and the fatty acid later united in the 
cell to other glycerine synthetically formed by chemical processes going on in the 
cells in which the synthesis of fat from fatty acid or soap occurs. 

Although it is fairly certain that a hydrolysis of fat occurs in the intestine and 
a re-synthesis before the thoracic duct is reached, there is, at the present time, no clear 
experimental evidence as to the situation in the course of absorption at which the 
synthesis is effected, or as to the agency by which the synthesis is brought about, that 
is to say, as to whether it is due to an intra-cellular enzyme, or is a process in which 
the living protoplasm acts as the energy transformer. 

The experiments recorded in this communication were designed with the object 
of shedding light on these points. . 

There are two chief places at which the lymph, carrying the absorbed fatty 
constituents, either comes into intimate relationship with cells, or is forced to pass 
through them, viz., first, in the intestinal wall itself, in the columnar lining cells and 
adenoid tissue of the villus lying between these and the central lacteal, and secondly, 
in the abdominal lymphatic glands, through which the chyle all passes on its way to 
the thoracic duct. It is hence at these two situations that chemical changes may be 
expected to occur, and the suggestions naturally present themselves of examining the 
composition of the chyle as regards fatty constituents, before and after passing these 
points, and of studying the action of these tissues upon the constituents involved in 
the synthesis of neutral fats. 

There is no question that the intestine during fat absorption contains both fatty 
acids and soaps in solution, and Munk has shown, as above stated, that the lymph of 
the thoracic duct during fat absorption contains nearly all its fatty matter as neutral 
fat ; but the most difficult point in the course, from which to obtain lymph in sufficient 
quantity for chemical analysis of its fatty constituents, is the portion lying between the 
intestine and abdominal lymphatic glands, for the mesenteric lacteals are far too small 
to admit a cannula. 

As far as the writer is aware, no analyses have hitherto been published of the 
fatty matter contained in the chyle of the mesenteric lacteals, but, by a method, which 
will be described later, a sufficient supply of fatty chyle was obtained to demonstrate 
most clearly that already, in the mesenteric lacteals, practically all the fatty matter is 
present as neutral fat. 

It has long been known, from histological evidence, that a change occurs in 
the absorbed fatty constituents in the columnar cell, For such cells, taken some 
hours after a fatty meal, when examined under the microscope after appropriate fixing 
and staining, are seen to be filled, except in the striated border, with globules of 
varying size, which present all the histological appearances and reactions of fatty 


material. 
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In the first place, however, such histological preparations do not con- 
clusively prove that zeutral fat is synthesized in the epithelial cell, since the appearances 
might be reproduced by insoluble fatty acids deposited in the cells. In the second place, 
even assuming the appearances to be due to neutral fat, they give no quantitative 
information as to whether any fraction of the fatty constituents, absorbed in soluble 
form from the intestine, passes through the columnar cell unmodified into the lacteals 
to be changed in the abdominal lymphatic glands or elsewhere. Thirdly, as has been 
supposed by some writers on the subject, such a deposit in the intestin i] cells as has 
been observed microscopically might be only a temporary one, the fat being again 
hydrolyzed to pass out towards the lacteal, so that a constant stream of fatty acid and 
glycerine has been assumed to diffuse out from the attached border of the cell. Nor, 
assuming as proven that the fatty constituents enter the columnar cell in soluble form, 
does the presence of a white milky fluid in the lacteals, containing fatty globules 
when viewed under the microscope, demonstrate that neutral fat has been synthesized 
in the intestinal cell. In the first place, as has been remarked above, regarding the 
appearances in the columnar cell, all such effects might be reproduced by free fatty acid in 
suspension, and, in the second place, no quantitative information is given by such 
observations as to the amount of conversion from soluble into insoluble constituents. 

Turning next to the nature and place of synthesis, as shown by the action of 
cells and extracts of cells concerned in fat absorption upon the constituents of neutral 
fats, we find on reviewing the literature that a good deal of attention has been given 
to this aspect of the subject by previous workers. 

C. A. Ewatp' was the first observer who claimed to have detected such a syn- 
thetic action in vitro, from products of the intestinal cell. In a preliminary paper, 
published in 1883, he states that he was stimulated by the account of Brown and 
Herron’s work upon the inverting action of dried mucous membrane upon cane sugar, 
to test whether a similar dried preparation of the mucous membrane was capable of 
synthesizing fat from an aqueous solution of soap and glycerine at the proper tempera- 
ture. This experiment with the dried cells failed, and the reason ascribed by Ewatp, 
was that one has here to do with a synthetic operation, such as is peculiar to the 
metabolism of the living cell, and not a ferment action which would remain after the 
destruction of cell activity, as in the case of inversion of cane sugar. 

Ewatp accordingly turned his attention to the fresh mucosa, and in two ex- 
periments, in which he divided the intestinal mucous membrane in each case into four 
portions, one of which was treated alone asa contral, while to the other three portions 
soap and glycerine were added in appropriate quantities, he believed that he had 
observed in all but one case a considerable formation of neutral fat from fatty acid 


and glycerine. 


1. Arch. f. Physiol. u Anat. Physiol. Abth., Suppt. Bd. 1883, S. 302 
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Much more recently, Hampurcer,' working chiefly with the large intestine, 
has brought forward evidence from a large number of experiments, claiming to show 
that synthesis of neutral fats can be brought about iz vitro, by the separated intestinal 
mucosa. 

Neither Ewatp nor HampurGer worked with extracts free from cells, and 
their methods of working save in experimental details were the same, so that both 
sets of results can be conveniently discussed together.’ 

The method was essentially that of digesting a mixture of soap and glycerine 
in solution, in presence of intestinal mucosa finely minced up, for a variable period, 
obtaining an ethereal extract, and determining the amount of fatty acid in this by 
titration against a standard alkali. 

The difference between the weight of the total ethereal extract and the weight 
of free fatty acid was taken to be neutral fat, and the difference between this figure, 
in the case of portions to which soap and glycerine had been added, and controls in 
which no soap and glycerine were added, was taken to represent neutral fat which had 
been formed during the experiment. 

No direct determinations: were made by saponification with alkali of the 
amount of neutral fat formed. Now, had such a course been taken in the experiments 
detailed later in this paper, as a perusal of the figures will show, a fallacious conclusion 
that fat was synthesized would in some cases have been the result. But the direct 
determinations show that this is not the case, and hence that probably in Ewatp 
and Hampurcer’s experiments, also, the supposed fat synthesized was in reality soap 
dissolved by the ether used as an extractive. 

In any case, the present experiments show no appreciable synthesis of neutral 
fat from soap and glycerine, either by the fresh intestinal mucosa or by cell-free extracts 
of it. 

Other workers have turned from the direct synthesis of neutral fats and 
attempted instead to draw analogies from the synthesis of simpler esters. 

Thus, Kasrre and Loevenuart? digested a mixture of dilute butyric acid and 
ethyl alcohol with a fresh aqueous extract of pancreas, and were able to detect ethyl 
butyrate by its odour, and on the larger scale were able to obtain a few drops of a 
light oil with the odour and general properties of that ester. The reaction did not 
occur when boiled pancreas was used, and since, on the other hand, lipase can also be 
employed to convert ethyl-butyrate into butyric acid and ethyl alcohol, it becomes 


evident that the action is a reversible one. 


1. Arch. f. Physiol., 1900, S. 433. 

2. The only essential difference was, that Hamburger evaporated to dryness before extracting with ether, while Ewald first 
filtered after digestion and then evaporated the filtrate to a small volume, and extracted with ether, adding this to an ethereal 
extract of the residue from filtration. 


3. American Chemical Fournal, 1900, Vol. xxiv, p. 491. 
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In a later paper, Lorvennart’ found a similar action in varying degree with 
extracts of intestinal mucosa, lymphatic glands, lymph, liver, kidney, submaxillary 
gland, lung, brain, adrenal and subcutaneous connective tissue. Similarly, 
Hanrior* found that pancreatic lipase synthesized monobutyrin from butyric 
acid and glycerine. A 

It is, however, exceedingly dangerous, as is obvious on comparing the above- 
mentioned results with those obtained in the present investigation, to draw 
conclusions as to the hydrolysis or synthesis of one ester, from that of another. This 
is true, even when all the constituents of the reaction are soluble, as even there the 
position of the point of equilibrium, as experiment shows, may vary enormously with 
different esters and be placed practically at either end point of the reaction ; but the 
proceeding becomes entirely misleading when the comparison is made between such 
dissimilar esters as the body fats and ethyl butyrate, where in the former action two 
of the three components are practically insoluble, and in the latter ail three are 
easily soluble. Nor does it seem at all justifiable without experimental evidence to 
assume that the same catalyser, lipase, can in the intestine cause an equilibrium lying 
(in the case of the neutral fats) practically at the end point of complete conversion 
into fatty acid and glycerine, and within the cell cause a complete reversal into the 
neutral fat. 

It is certainly true that the concentrations in the solution of the reacting units 
of the chemical system vary the position of the equilibrium point ; but it seems 
highly improbable that any such complete shifting as is required by the above theory 
of hydrolysis in the intestine and re-synthesis in the columnar cell by the same 
enzyme can be attained by changes in concentration alone. 

Such a reversal is, however, possible in the living cell, where there is a supply 
of external energy, and means for its transformation. 

It may be pointed out that such conditions can only very faultily be carried 
out i vitro, and hence it is not surprising that syntheses, such as are undoubtedly 
carried out by the cell 7 situ, cannot be obtained with the detached cells in test tubes. 

An attempt was made in certain of the experiments recorded below to supply 
such a source of energy by adding dextrose to the solutions, but even then no 
formation of neutral fat could be brought about. 

The only action upon the soaps employed, which could be demonstrated with 
certainty, was a considerable conversion into free fatty acid. This result was invariably 
obtained, and is also observable in the experiments of Ewatp and Hamepurcer, 
although little attention is bestowed upon it by these authors. 

The action is, however, of some physiological importance ; 1n the first place, 


because it is probably the preliminary stage in that synthesis of fat which is 


American Fournal of Physiology, 1902, Vol. vi, p. 331- 
Comptes rendus de la Société de biologie, 1901, p. 70. 
This view is also held by Lewkowirscu, “fourn, of Soc. of Chemical Industry, Vol. xxil, No. 2, 1903. 
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undoubtedly effected in the intestinal cells (vide infra). In the second place, the 
reaction has an importance as an indication of how the organism is protected from 
the entry into the systemic circulation of absorbed soaps, which, as was first demon- 
strated by Munk,’ act as virulent poisons when injected into the circulation, although 
perfectly innocuous when administered by the mouth. 

This protective action of the cells, or of some product contained by them, 
is similar in function to the action of the intestinal cells upon albumoses. 

This action upon soaps has been obtained with extracts of intestinal mucosa, 
abdominal lymphatic glands, and pancreas, and is most powerfully exhibited by 
pancreatic extracts. When a water-clear solution is prepared by dissolving two per 
cent. of sodium oleate in an extract of 1 in 10 of fresh pancreas, and the solution 
kept at body temperature, within a few minutes the fluid becomes turbid, and when 
examined under the microscope is seen to be full of minute highly refractile globules. 
On standing for some hours, a thick oily layer appears on the top, which, when 
separated by ether and titrated with decinormal alkali, is found to correspond with 
oleic acid. The separation is net due to acidity, for the pancreatic extracts employed 
were alkaline to phenol-phthaléin and remained so. The alkali separated from the 
soap does not become free in the solution, for the alkalinity of this does not increase 
during the reaction, but it appears to become stably combined with some substance 
present in the extract. This is further shown by the fact that the extracts containing 
free fatty acid in suspension, or as a creamy or oily layer on the surface, can be 
evaporated down to dryness without recombination occurring, as must be the case 
if free alkali were present. 

In the earlier experiments, a fear of such a recombination occurring led to 
the adoption of the method of extracting the fatty products, after a certain 
period of digestion, directly with ether, without previously evaporating to dryness. 

It was found, however, that although the first extractions with ether by this 
method gave higher yields of fatty acid than the later ones, yet no definite end result 
could be obtained, since the extractions even after the sixth still yielded appreciable 
amounts of fatty acid. 

This result is obviously due to the considerable solubility of ether in water, 
leading to an increase in the hydrolysis of the sodium oleate solution, and hence 
increasing the amount of oleic acid, which dissolved in the ethereal fraction.” 

Accordingly, this method was subsequently abandoned, and the method of 
evaporating to dryness and then extracting with dry ether substituted, as was 
previously done by Hampurcer. 

The experiments by the first method have, however, a distinct qualitative 
value as a confirmation of the results obtained by the second method, for, although 


1. Arch. f. Anat. u. Physiol., Physiol. Abth. Suppt. 1890, S. 116. 


2. This was shown by the control experiment that ether extracts small quantities of oleic acid when shaken up with 
solutions of sodium oleate in distilled water. 


— 
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they do not show accurately the amount of free fatty acid formed, they very 
conclusively prove that no neutral fat is formed. Yor, while a considerable amount of 
soap is dissolved out from the dried extracts in the second method, which, if the 
attempt be made to obtain the amount of neutral fat, as in Ewatp and Hampurcer’s 
calculations, by merely subtracting the amount of free fatty acid from the total 
ethereal extract, gives rise to the fallacious result that a considerable synthesis of 
neutral fat has taken place ; in using the first method, namely, that of extracting 
without previous evaporation to dryness, practically no soap is dissolved by the ether, 
and the subsequent titration gives almost theoretical values for oleic acid, showing 
that the entire ethereal extract consists of fatty acid, and that no neutral fat is 
present. 

If any neutral fat whatever had been formed by the previous digestion with 
the extracts of intestinal mucosa and other tissues employed, it would undoubtedly 
have been present in the ethereal extract, because olein is practically insoluble 1n water, 
but soluble in all proportions in ether, and hence would have been dissolved out even 
more readily than oleic acid, which has a slight solubility in water. 

Hampurcer, although he did not proceed to the direct determination of the 
neutral fat in the extracts he obtained, was aware of the solubility of soaps in ether, 
and sought to equalize this by adding, after evaporation, soaps to his controls. Even 
with this precaution, he found a greater weight of ethereal extract, after deducting 
free fatty acid, in those portions to which the soap had been added before boiling, and 
ascribed this excess to neutral fat. 

A repetition of this procedure in the present series of experiments, did not 
give, however, a like result, the difference in weight was very slight, and in one case 
was in favour of the portion to which the soap had been added before digestion, and 
in the other, in favour of that to which the soap had been added after digestion.’ 

Hampurcer’s own results, moreover, are not uniform, for while a greater 
weight was found in some experiments, no appreciable change was found in others. 

HampurGer supposes that the negative result is due to re-conversion into 
fatty acid during prolonged digestion of the neutral fat first formed. 

Supported by the results of the method of direct estimation of the neutral fat, 
as well as by the results obtained by duplicating HamBurcer’s own method, we are 
of the opinion that the positive results of Hampurcer are due to dissolved soap, 
which varied in amount in the different experiments.” 

The hydrolysis of sodium oleate and accompanying liberation of oleic acid, 
above alluded to, by extracts of pancreas, lymphatic glands, and intestinal mucosa, is 
remarkable in that it is not completely stopped by previous boiling of the extracts. 


In most cases the extent of hydrolysis is lessened by boiling, as will be seen by 


1. See Experiments 1 and 2, Series ii. 


2. It may be mentioned that Hamburger used sapo medicatus, while Sodium Oleate was used for the experiments 
described in this paper. 
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reference to the protocolls given below, and the extent of such diminution of action 
is variable, but even after boiling the extracts for five minutes, a considerable effect 
has in many cases been obtained, and that in cases where bacterial action has been 
carefully excluded. This is particularly observable in the extracts of intestinal mucosa 
and lymphatic glands, where the difference between boiled and unboiled extracts is 
less than in the case of the pancreas. 

In fact, a considerable action has been observed in some cases after complete 
evaporation to dryness of the extract on a steam bath, on again adding water 
and soap and digesting at body temperature.’ 

It appears probable from this that the hydrolysis is not due entirely to an 
enzyme, but to some chemical substance with acid properties contained in the extracts 
which, at body temperature, slowly hydrolyses the soap and combines with the 
liberated alkali. 

If, instead of first boiling the extract and then adding the soap after it has 
cooled to 36° C. and digesting at that temperature, the soap be added to the unboiled 
extract and then the temperature be raised as rapidly as possible to 100° C., a very 
rapid formation of free fatty acid. occurs, and the fatty acid floats at once in an oily 
layer on the surface of the extract even before the boiling point is reached. 

The extracts employed were in all cases alkaline to litmus, and the slight 
acidity to phenol-phthalein which they showed, like nearly all animal extracts, was 
found by titration to be much less than equivalent to the fatty acid liberated.’ 

I'xcess of sodium carbonate stops the reaction, however, which does not 


occur when os per cent. of sodium carbonate is present in solution. 
Pp 


EXPERIMENTS ON THE NaTurRE oF THE Fatry CoNnsTITUENTS PRESENT IN THE 


Mrsenrertc Lympuatics Durinc Far ABsorPTION 


In these experiments the lymph was obtained from the lacteals at a period of 
five to seven hours after feeding on neutral olive oil. 

The animals (dogs) were anaesthetized by a mixture of chloroform and ether, 
about five hours after feeding with the oil; the abdomen was then opened and the 
intestine drawn out in small loops consecutively, so exposing the lacteals, which stand 
out clearly like silk threads, from being filled with the white, milk-like chyle. This is 
the appearance presented by the lacteals when first seen, but in a very short time, not 
exceeding five to ten minutes, they become discharged, and fat absorption appears to 
stop almost entirely. In making the collections of lymph, now to be described, it is 
hence necessary to proceed quickly, for the absorption is not restored very rapidly on 


replacing the loop of intestine and temporarily closing the abdominal wound, and if 


1. See Experiment 1, Series iii, Addendum 2. 


In some of the experiments this acidity to phenol-phthaléin was slightly over neutralized by addition of sodium carbonate 
solution, 
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time be spent in this procedure, the whole of the lacteals may soon become emptied. 
It is also necessary to disturb and expose as little of the intestine as is possible at any 
one time, and then when the flow of lymph from one loop has been exhausted to 
replace that and pull out a fresh loop. ; 

The flow of lymph may be much augmented by gently kneading the portion 
of the intestine from which the lacteal arises. 

Even employing all these precautions, the interval after opening the intestine 
during which the lymph can be collected is a short one, amounting to about fifteen 
minutes. 

The vessels are too small for the insertion of a cannula, and hence the lymph 
was collected by free incision of the vessel, taking care not to injure the accompanying 
small blood vessels, and allowing the lymph to collect upon the mesentery. This it 
does in large drops, which are collected by small glass tubes made capillary at both 
ends by drawing out a glass tube in the blow-pipe flame. The lymph runs readily 
into these tubes when they are held horizontally, with one of the capillary ends in the 
drop of lymph. In this way from one to two dozen small tubes can be charged with 
lymph. Another method which was employed for collection was to suck the lymph 
up by means of a glass tube drawn out fine at one end, and then blow out into a 
porcelain capsule. 

The subsequent process of analysis consists in weighing the tubes and then 
placing them in a test tube containing ether. in a short time the contents of the 
small tubes become transparent from the solution of the fatty constituents, and soon 
after the lymph flows out and the watery portion collects at the bottom, while the 
fatty constituents are dissolved by the ether. The tubes are taken out and washed 
twice with ether, the washings being added to the first portion of ether used for 
extraction. The tubes are then dried and weighed, the difference between this weight 
and the previous one then obviously gives the weight of lymph collected in the tubes. 

The amount which can be thus: collected is small, but fortunately deter- 
minations of fatty acid and fat can be made so closely, and the results lie so pre- 
ponderatingly on the side of neutral fat, that no doubt is left that practically all the 
fat in the lacteals of the mesentery is present as neutral fat, and only a small fraction 
as fatty acid. The determination of free fatty acid was made by evaporating the 
ethereal extract to dryness, dissolving in hot alcohol, and titrating with deci-normal 
sodic hydrate solution, using phenol-phthaléin as an indicator. 

The neutral alcoholic solution thus obtained was next evaporated almost to 
dryness, a measured volume of standard alcoholic potash (approximately =) was then 
added, and the mixture boiled for twenty to thirty minutes ; the flask in which the 
boiling took place being fitted with a reflux tube. The contents were then neutralized 
with semi-normal hydrochloric acid, and the difference between the amount of acid 


required and that necessary to neutralize the volume of alcoholic potash originally 
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added, gave the necessary datum for calculating the amount of neutral fat which had 
been saponified by the alkali.’ 

Experiment 1. In this preliminary experiment only a small amount of chyle 
was collected (0°65 c.c.), which contained 00198 grammes of ethereal extractive. But 
even this small amount was enough to demonstrate that the amount of free fatty acid 
present was relatively small, for on dissolving the ethereal residue in hot alcohol, and 
titrating as above described, it was found that only ovr cc. of the decinormal 
alkali was sufficient to give a distinct pink with phenol-phthaléin. | Now, theoretically, 
the volume of decinormal alkali required, on the assumption that the ethereal extract 
consisted entirely of free fatty acid, would be 0°7 c.c. ; hence less than one-seventh of 
the extract was free fatty acid. 

Another indication of the presence of neutral fat and not fatty acid, which was 
also seen in the other experiments of this series, was the difficulty with which the 
ethereal residue dissolved in the alcohol. Neutral fat only dissolves in appreciable 
quantity when the temperature of the alcohol is near boiling point, while free fatty 
acid, such as oleic acid, dissolves appreciably even in cold alcohol. Hence, if a small 
quantity, such as a single drop, ‘of olein be warmed with a considerable quantity of 
alcohol (50 c.c.), it remains visible as a round globule until the alcohol is almost 
boiling. On the other hand, a much greater amount of fatty acid dissolves before the 
temperature of the alcohol is much raised. This qualitative sign is of considerable 
value in determining whether one is dealing with an extract consisting chiefly of 
neutral fat, or of fatty acid. In the series of experiments on digestion of soap with 
tissue extracts, it was found, in contra-distinction to those in the present series, that 
the ethereal extracts. dissolved in the alcohol with great ease. 

Experiment 2. A dog, weighing approximately 12 kilogrammes, was fed with 
100 grammes of olive oilat 9.30a.m. Anaesthetized at 3.30 p.m., exposed lacteals, and 
filled 17 drawn-out tubes with chyle, by cutting open lacteals. Weight of chyle= 
1°2990 gramme ; weight of total ethereal extract = 0°0618 gramme; weight of free fatty 
acid, calculated from direct titration = 0°0028 gramme ; weight of neutral fat, calculated 
from alkali required for saponification = 0°0564 gramme. 

Expressed as percentages of the total fatty matter, the neutral fat forms 95°3 
per cent., and the fatty acid 4°7 per cent. 

Experiment 3. A dog weighing 8°6 kilogrammes was fed with 50 grammes of 
olive oil at 9.30a.m. At 4.30 p.m. (interval seven hours), the animal was anaesthetized 
with chloroform and ether, and 23 drawn-out tubes were filled with fatty chyle from 
the mesenteric lacteals, in which the amounts of fatty acid and neutral fat were es- 
timated as before, with the following results :— 

Weight of lymph = 0o'9550 gramme. 


_ ethereal extract == 01062 


1. The above is Kottstorfer’s method of estimating the amount of neutral fat (see Sutton’s Volumetric Analysis, 


8th edition, p. 402) ; preliminary experiments with pure neutral olein gave practically theoretical results. 
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Weight of fatty acid = 0'0042 gramme, 
Peemeutraltdt(assolein)— OTO2T , 
Percentage of neutral fat = oor 
» fatty acid — 79 


Experiment 4. A dog, weighing 12°4 kilogrammes, was fed with 100 grammes 
of olive oil at 9 a.m., and the fatty chyle was collected at 3 p.m. (interval six hours), by 
means of a pipette drawn out to a capillary end, from the mesenteric surface after 
puncture of the lacteals, into a small porcelain dish. The lymph was weighed and 


cnalysed as before, with the following results :— 


Weight of lymph = 1°8712 gramme. 
5 ©6ethereall extract OG Ou es, 
5, fatty acid = 00012 
> neutral fat (as oleim) == 01326 - ,, 
Percentage of neutral fat — G09 
5 tatty acid = 31 


Accordingly, the fatty matter present in the mesenteric lacteal vessels is proven 
to consist practically all (upwards of 95 per cent.) of neutral fat, demonstrating that 
the synthesis from the products of digestion occurs in the intestinal wall. 


EXxprtRIMENTS ON THE Nature OF THE Fatty CoNSTITUENTS IN THE INTESTINAL 


Mucosa puRING Far ABSORPTION 


Immediately after the collection of the lymph used in the preceding series of 
experiments, the animals were killed, and the entire small intestine was removed, cut 
open longitudinally, and thoroughly washed with water to remove adherent matter. 
The intestine was then laid out with the mucous surface upward on a glass plate, and 
the mucosa rubbed off with the back of a knife. The scraped off mucous membrane 
was weighed and extracted first with a mixture of alcohol and ether (1 alcohol to 3 of 
ether), and then with ether alone. The solvents were decanted off, the solutions 
mixed, and evaporated to dryness. The dry residue was next extracted with dry 
ether, filtered, and the ethereal extract evaporated to dryness. The residue was 


finally weighed, and the amount of fatty acid and fat estimated. 


Experiment 1. Total weight of moist mucous membrane = 31°7 grammes ; 
weight of total ethereal extract = 171524 gramme ; weight of fatty acid by titration 


= 01802 gramme; weight of neutral fat by difference = 0°9722 gramme ; relative 
percentages of neutral fat and fatty acid = 84°3 and 15-7. 

Experiment 2. Weight of moist mucosa = 14°4 grammes; weight of total 
ethereal extract = 0'8074 gramme; weight of fatty acid, by titration = o-2904 
gramme ; weight of neutral fat, by saponification and titration = 0°5303 gramme; 
relative percentage of neutral fat and fatty acid = 64°6 and 3574. 
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These figures show that the greater part of the fatty material present in the 
mucosa is in the form of neutral fat, but that the percentage of free fatty acid is 
much greater than that in the lymph collected from the mesenteric lacteals (see 
previous series of experiments), showing that the process of transformation in the 
cells is in progress and incomplete. 

The results can, however, only be taken as approximate, since it is impossible, 
even with the most careful washing, to be certain that all the adherent, unabsorbed 
and unchanged fat is washed out from between the villi. 


EXPERIMENTS ON THE AcTION oF Pancreatic, LyMpHaTIC, AND INTESTINAL 
Tissurs AND oF CELL-FREE Extracts PREPARED FROM THESE TISSUES UPON 


SoLuTIONS OF SOAP AND GLYCERINE 


These experiments were commenced with the view of determining whether the 
synthesis of neutral fat, described by Ewatp, was due to the action of an enzyme 
contained in the intestinal cells, which might be separable from them, or whether such 
a synthesis occurred only in presence of the surviving, though isolated, cell. 

Hence the first experiments were conducted only with filtered and centri- 
fugalized extracts, but negative results having solely been obtained with such extracts 
(so far as such synthetic action was concerned), similar experiments were also 
instituted with extracts containing cells, and in addition, in order to obtain informa- 
tion as to the action of all types of cell involved in fat absorption upon soap and 
glycerine solutions, comparative experiments were carried out with cells and extracts 
of the pancreas and abdominal lymphatic glands. 

The tissues and extracts used were prepared from glands of the cat, dog, ox, 


ge, and similar effects were in all cases obtained. 


or pl 

In the case of the intestinal mucosa, the intestine taken from a freshly killed 
animal was cut open longitudinally from end to end, and then thoroughly 
washed either in a stream of running tap water or with 0°75 per cent. solution of sodium 
chloride. In the earlier experiments saline was employed, but in later experiments, 
in which water was subsequently to be used as an extractive agent, water was used 
for preliminary washing out, and as this was found not to cause any alterations in the 
property of the extracts, in the later experiments water was always used to wash the 
surface, even when saline was to be employed later as an extractive agent. It may 
be stated here that no difference was ever found throughout the series of experiments 
in the action of extracts made, on the one hand, with distilled water, and on the 
other hand with saline solutions containing 0°75 per cent. of sodium chloride. 

The mucous membrane, after thorough washing, was scraped off from the 
intestine in lengths of three to four inches at a time by laying it flat on a glass plate 
and scraping lengthwise with the back of a table knife. In this way a soft semifluid 
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mass was obtained, which was gathered into a heap on the glass plate and chopped 
with the knife. It was then transferred to a mortar and rubbed up either alone or 
mixed with fine sand. Portions were then weighed out and extracted with 
appropriate quantities of the various extractives for varying times in an incubator at 
go C. 

In those cases where the action of the cells was to be tested, the ingredients to 
be acted upon were added in weighed quantities before this first period of digestion 
in the incubator. In some cases chloroform was added as a preservative, but in 
others, to prevent any paralyzing action upon the cells, this re-agent was left out. 

In the cases where the action of extracts only of the cells was to be tested, the 
tissue treated as above described was allowed to undergo digestion for a variable 
period, in presence of chloroform,’ to prevent bacterial growth. The extract was then 
filtered, afterwards thoroughly centrifugalized, and the clear extract used for the 
experiments. In the case of the pancreas and abdominal lymphatic glands, the tissue 
was first finely minced and subsequently treated in similar fashion to the intestinal 
mucosa. 

The strength of the extract employed was varied in the different experiments, 
and the strength is stated in each case. The soap used was sodium oleate, which 
was prepared from pure olive oil. The oleic acid obtained by hydrolysis of this soap 
had a melting point of 17°5°C., and 0-214 gramme required 7°6 c.c. of = caustic soda 


for neutralization, the theoretical amount being 7°57 c.c. 


SERIES I 

Experiment 1. The small intestine of a cat in which digestion, chiefly of 
bread, was going on, but no fat was visible in the lacteals, was treated as above 
described, saline being used as the washing fluid. 

A quantity of about 20 grammes of mucosa was obtained, and digested with 
four times its volume of normal saline for ninety hours in an incubator at 33°C. The 
extract was then filtered and centrifugalized, when a perfectly clear, slightly yellow, 
solution was obtained. 

Ten cubic centimetres of this fluid were taken in a test tube, and, after the 
addition of 0-2 gramme of sodium oleate and 0-052 gramme of glycerine, the mixture 
was placed in a bath at a temperature of 38°5°C. The test tube was agitated after it 
had attained the temperature of the bath until all the oleate added had dissolved to 
a clear solution. 

After an interval of one hour a few oily globules were visible under the 
microscope. 

Next morning, an interval of seventeen hours thirty minutes having elapsed 


since the commencement of the experiment, the fluid was yellow and cloudy, like an 


1. To this end, also, the saline, or water, used as an extractive was sterilized by previously boiling and allowing to cool 
before use. This was found to bea very useful precaution. 
F 
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emulsion, and some drops of material insoluble in the fluid were found floating on 
the surface, while under the low power of the microscope a large number of oily 
globules of varying size were visible. | 

Experiment 2. The abdominal lymphatic glands of the same cat, which was 
used for experiment 1, were taken, and likewise digested at 33° C. for ninety hours in 
presence of chloroform, with four times their weight of normal saline. The extract 
was filtered and centrifugalized, giving a clear reddish-yellow fluid in which no 
cellular elements were visible under the microscope. 

Ten cubic centimetres of this fluid were taken, 0:2 gramme of sodium oleate, 
and 0052 gramme of glycerine were added, and the clear fluid obtained on warming 
to 38°5° C. and agitating, was digested in a bath at 38°5°C. 


The experiment was started at 6 p.m., and next morning, 


(interval = 16h. 30m.) there was a thick layer of yellow-coloured oil on the surface 


at 10.30 a.m., 


which formed a temporary emulsion on shaking, and the fluid gave under the low 
power a field filled with globules, closely resembling milk as seen under the 
microscope. 

The strength of the lymphatic gland extract in this particular experiment, 


judging from the depth of the oily layer, was much greater than that of the extract 
of intestinal mucosa, but later experiments showed that no general law to this effect 
applied. 

The oily layer here formed looked so like olive oil, and the appearance of 
the globules under the microscope so closely resembled that of fat globules as seen 
in milk, that it was at first thought that olein had been synthesized from the sodium 
oleate and glycerine added to the extract ; but a determination of the amount of free 
fatty acid in the oil soon dispelled this illusion. 

The contents of the test tube were extracted by shaking four times with an 
equal volume of ether. In this process, it was observed not only that the oily layer 
disappeared on the first addition of ether, but also in the shaking up with this first 
portion of ether, the aqueous layer became quite clear. The four portions of ether, 
after separation from the aqueous layer, were united, the ether was evaporated off, and 
the residue weighed (wt. = 0°1188 gramme). The residue was then dissolved in 
warm alcohol, and the solution was titrated with deci-normal sodic hydrate, using 
rosolic acid as an indicator, 3°7 c.c. were required for neutralization, indicating 
o'1040 gramme of oleic acid. Hence 87°5 per cent. of the soap decomposed by the 
extract had gone to form oleic acid and not neutral fat. 

It might be thought that the development of oleic acid here occurring was 
due to acidity of the lymphatic extract employed, but a portion of the same lymphatic 
extract, which had, therefore, also been ninety hours in the incubator, was tested 
with rosolic acid and found to be alkaline, the alkalinity being equivalent to ai of 


sodic hydrate. 
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Hence, if the setting free of the oleic acid be due to an acid formed in the 
lymphatic extract, that formation only occurs in the presence of the soap, and is a 
concomitant of the action upon the soap. 

Experiment 3. The production of acid from soap is not stopped by the 
prolonged action of sulphuretted hydrogen’ upon the tissue cells or extracts, as is 
shown by the following taken from a number of experiments. 

The abdominal lymphatic glands of an ox, obtained fresh from the abattoir, were 
cleaned free of fat, minced finely and extracted with five times their weight of distilled 
water in an incubator kept at 36° C. for a period of ninety-two hours. 

Before the flask containing the cells was placed in the incubator, it was 
thoroughly saturated with sulphuretted hydrogen gas and tightly corked. At the 
end of the interval, the contents of the flask still had a strong smell of sulphuretted 
hydrogen. The fluid was now filtered from the tissue elements, and a water-clear 
extract of a greenish-brown colour was obtained. This was charged again with 
sulphuretted hydrogen gas, corked, and allowed to stand for ten days at room 
temperature ; it was then filtered from a slight deposit of sulphur, and found on 


testing to be slightly acid; acidity = 12% The fluid was hence made shightly alkaline 
O° te 


F 
by addition of excess of sodium carbonate, alkalinity = we to rosolic acid as indicator. 

A portion, measuring 40 c.c. of the alkaline extract, which had been thus 
subjected to treatment by sulphuretted hydrogen, was taken, and to it were added 
0.8 gramme of sodium oleate, and 04 gramme glycerine. The flask containing the 
mixture was then saturated with sulphuretted hydrogen, corked, and placed in an 
incubator at 36°C. After twenty-four hours digestion at this temperature, an oily 
layer had appeared on the surface of the flask, and a single extraction with ether gave 
a residue weighing 0°355 gramme, and containing 0°341 gramme of free oleic 
acid. 

Experiment 4. In three cats, in which the stomachs and intestines were empty 
of food, the pancreas and small intestines were removed, prepared as before, and 
digested with normal saline for a period of forty-three hours in an incubator at 36° C. 
The solutions were made distinctly alkaline at the end of the period to phenol- 
phthalein, and the strengths were then made equal to one in nine of the fresh tissue. 

Each extract was then divided into four portions of 25 c.c. each, which had 
substances added to them, and were treated as follows :— . 

INo. 1. 2§ c.c. extract + O°5 gramme oleate + ov! gramme dextrose + 0°16 gramme 
glycerine. 


Z 
) 
ie) 


25 c.c. extract+ 0's gramme oleate + 0°16 gramme glycerine. 
25 c.c. extract+0'§ gramme oleate. 


3 
No. 4. 25 c.c. extract +0°5 gramme oleate + boiling before digestion. 


1. These experiments were devised to imitate the reducing condition present in the intestine, and so favour the synthesis 
of neutral fat, they were carried out with pancreas and intestinal mucosa, in addition to lymphatic glands, as above described 


= . . ae . ~ . a ? 
and in all cases gave negative results as regards fat synthesis and positive as regards acid formation from soap. 
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After this procedure, the eight tubes were placed in a water bath at 36° C., 
and examined at intervals. 

Intestine. Examined one-and-a-half hours later, all four of the intestinal tubes 
showed turbidity, and, under the microscope, thickly studded fields of oily globules. 

Examined after the lapse of nineteen hours thirty-five minutes, all four of 
the intestinal extracts show a thick creamy layer on top, a little less marked on the 
boiled tube, No. 4, than on the others, but still very obvious. Under the micro- 
scope all four show fields crowded with oil globules. The reaction of the contents of 
all four tubes is still distinctly alkaline to phenol-phthaléin. 

Pancreas. The four tubes containing pancreatic extract examined one hour 
after the commencement of the digestion show in each case a milky fluid, and the 
microscope demonstrates abundance of oily globules. All four tubes give an alkaline 
reaction to phenol-phthaléin, but less strongly marked than in the case of the 
intestine. The action obviously is more intense here than with the intestinal extracts. 
Examined at the end of eighteen hours, there is a thick layer of oil and cream at the 
top of each tube, which is not apparently any less in the boiled tube than in the other 
three tubes. 

Microscopic examination shows in all four tubes oily globules of all sizes, and in 
great number. There are apparently no fewer globules in No. 4 than in any of the 
other tubes. 

The four pancreatic tubes are all still alkaline to phenol-phthalein. 

The eight tubes were then extracted with ether, and the weight of ethereal 
extractive, and amount of free fatty acid determined as above described ; the results 


are given in the following table :— 


Weight of Weight of free Percentage of 
Contents ofthe ethereal extract oleic acid free oleic acid 
B No. 1. Oleate + glycerine + dextrose ... 01800! 01664 92.4 
2 
= No. 2. Oleate + glycerine ak a 01258 01256 99°8 
& No. 3. Oleate alone na Bat aon 01582 0°1466 92°7 
2 
VB) 
5 No. 4. Oleate alone, then boiled... ee 0°1322 01269 960 
No. 1. Oleate + glycerine + dextrose ... o2688 0°2580 96°7 
3 No. 2. Oleate + glycerine aoe ae 0'2568 0°2312 go'o 
= No. 3. Oleate alone aes eae wee 02176 o'2140 98°3 
No. 4. Oleate alone, then boiled... x08 02394 0'2284 95°4 


1. The weighings were taken to $ of a milligramme. 
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The results of this experiment shows that the formation of free acids is greater 
throughout in the case of pancreatic tissue than in that of the intestinal mucosa. The 
presence of dextrose apparently increases slightly the amount of free acid liberated, 
but has no action in producing any synthesis of neutral fat. 

Experiment 5. Since it might be supposed that in the preceding experiments 
the soap was hydrolysed by the water or saline used as a solvent, and not by any 
active constituent of the tissues extracted, a series of controls was carried out in which 
the same percentage of soap was dissolved, as follows :— 

No. 1. Distilled water, 40 c.c. + sodium oleate, o°8 gramme + glycerine, 0-4 
gramme. 

No. 2. Normal saline (0°75 per cent.), 40 c.c. + sodium oleate, 0-8 gramme, 
+ glycerine, 0°4 gramme. 

No. 3. Solution of Na,Co, (o°2 per cent.) 40 c.c. + saturation with carbon- 
dioxide + 0°8 gramme of sodium oleate + o'4 gramme of glycerine. 

No. 4. Oxalated pig’s plasma, 40 c.c. + sodium oleate, o°8 gramme + 
glycerine, o'4 gramme. 

All four flasks containing these respective solutions were placed in the incu- 
baton at 36° C. 

Examined as soon as they had attained the temperature of the incubator, 
No. 1 was found to be completely dissolved to a clear solution ; Nos. 2 and 3 were 
opalescent and contained a good deal of undissolved oleate ; No. 4 was clear, but 
contained a small amount of undissolved oleate. 

Examined four hours later, the appearance presented to the eye was much the 
same as at the previous examination, while microscopic examination showed no trace 
of fat globules in any of the four, merely fine amorphous granules were present in 
INos. 2 and 3. 

Examined forty-six hours after the commencement of the experiment, during 
all of which interval the four flasks had been kept at a temperature of 36° C., Nos. 
1 and 4 were found to be perfectly clear solutions without a trace of cloudiness or 
precipitation, and showing a clear field under the microscope. Nos. 2 and 3 were 
opalescent and contained a sediment, but when examined by the microscope showed 
no trace of oily globules, and there was no surface layer of oil. 

Hence these controls clearly demonstrate that the formation of oleic acid 
observed in the previous experiments was due to some hydrolytic agent present in the 
extracts of the tissues. 


SERIES 2 
In the previous series of experiments, extracts free from cells were employed, 
and attention was now turned to the products obtained when the cells were present, 


along with the same constituents as in the previous series. 


Se 
oe) 
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Also, to make the experiments comparable with those of previous workers, 
the solutions, after digestion, were evaporated down to dryness before extraction and 
then extracted with dry ether. Moreover, to equalize, as far as possible, the amount 
of soap dissolved by the ether, controls were employed in which an equal percentage 
of soap was added after evaporating the control (to which no soap had been pre- 
viously added) to dryness. This was the method followed by Hampurcer, who, 
however, did not add a definite weighed quantity of soap to the controls, but merely 
an approximately equal quantity. 

By this method the quantity of total ethereal extract is largely increased, but 
the control experiments, as well as the determinations of Series 3 (vide infra), showed 
that the increase was due to dissolved soap and not to neutral fat. 

Experiment 1. The intestinal mucosa of a cat was prepared as usual, and two 
quantities of 6 grammes each were weighed out. To portion No. 1, 30 c.c. of normal 
saline, 0°6 gramme of sodium oleate, and 0-3 gramme of glycerine were added ; 
and to portion No. 2, 30 c.c. of normal saline only were added. 

The two flasks were placed in the incubator for a period of forty-three hours 
at 36° C., and were then taken out and the contents evaporated to dryness in porcelain 
basins on a steam bath. 

When both were dry, 0°6 gramme of sodium oleate was added to No. 2, and 
then in each case four extractions were made with ether. The ethereal extracts were 
united in each case, the ether was evaporated off, and the two residues were weighed. 
Fach residue was then dissolved in warm alcohol, and the amount of free fatty acid 
determined by titration with = alkali, using phenol-phthaléin as an indicator. 


The results are given in the following table :— 


| Weight of Weight of free Dif Percentage of 
| ethereal extract oleic acid sie cua free oleic acid 
| 

No. 1 | 06290 0°4399 o18gI 69°9 
| 

No. 2 Conse 0°3708 0°2510 01198 Oey, 


Here it is obvious that a considerably greater percentage of oleic acid is 
extracted in No. 1 than in No. 2, on account of the previous hydrolysis, but the 
difference between total extract and oleic acid, as shown in the third column, is nearly 
equal in the two cases, there being a difference of only 69 milligrammes. Further, 
this difference is found in the opposite direction in the succeeding experiment 
(vide infra), and hence lies within the limit of experimental error and does not 
indicate any formation of neutral fat. 

The considerable amount of oleic acid obtained in the control (No. 2) of this 


experiment, at first sight appears to indicate that ether is capable of extracting oleic 
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acid from dry sodium oleate, this is not, however, the source of the oleic acid here 
obtained, as is seen from the controls in Experiment 1, Series 3 (vide infra). The 
source of this oleic acid is the neutral fat of the mucosa itself. 

Experiment 2. The abdominal lymphatics of the same animal used in 
Experiment I were finely minced, and treated like the intestinal mucosa in that 
experiment. 

Portion No. 1 weighed 1°83 gramme, and was treated with 18 c.c. of 
normal saline, 0.36 gramme of sodium oleate, and o'r 5 gramme of glycerine. 

Portion No. 2 weighed 1°63 gramme, and was treated with 16 c.c. of normal 
saline only. 

The two portions were digested in the incubator at 36° C. for a period of 115 
hours ; both were then evaporated to dryness ; 0°32 gramme of sodium oleate was 
added to No. 2, and each was then extracted four times with ether, and the weights 
of total ethereal extracts and amounts of free fatty acid present were determined. 

The results, calculated for convenience of comparison to two grammes of tissue, 


are given in the following table :— 


Weight of Weicht of free pe Percentage of 
= | oe : Difference % Dae 
ethereal extract oleic acid free oleic acid 
No. 1 O'4024 O27 51 273 68°3! 
| 
No. 2 (control) 0°3782 01825 O1957 | 48:2 


Here the difference between total extract and free acid, as shown in the 


third column, is somewhat greater in the case of the control. 


SERIES 3 

In this series of experiments, extracts containing cells were used in some of 
the experiments, and cell-free extracts in others. In all cases, in addition to 
determining the free fatty acid, the amount of neutral fat was also determined after- 
wards by Koérrsrorrer’s saponification method, and was always found very low. 
The figures given in the various experiments are intended to show how low the 
amount is, but do not quite accurately represent it, for the amount if amy, present is 
quite too small for accurate determination. These figures are based on amounts of 
standard alkah of o-05 to 0°25 c.c., and it is obvious that calculations based on such 


small quantities exceed the true values, since a distinct reaction with the indicator 


1. The much lower percentage of oleic acid in this and the preceding experiment is due to the dry methou of extraction, 
in which more soap is dissolved than when shaking up of the solvent with the aqueous extract is employed as a method of 
separation. The actual amount of oleic acid formed is, however, as great in these two experiments as in the others. 
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was obtained in each case. In other words, the figures merely show that any amount 
of neutral fat which may be formed under such conditions falls within the limit of 
experimental error. 

| In each experiment of this series, a division of the extract into four portions 
was employed. Portion No. 1 had 2 per cent. of sodium oleate, and 1 per cent. of 
glycerine added ; No. 2 had 2 per cent. of sodium oleate alone ; No. 3 had 2 per 
cent. of sodium oleate added after previous boiling ; and No. 4 had nothing added, 
and was not boiled. 

A comparison of the results after digestion will hence show the effect, if any, 
of presence of glycerine as between Nos. 1 and 2; the effect of boiling upon the 
production of oleic acid, as between Nos. 2 and 3; while No. 4 gives the amount 
of fatty extractives and action thereon in the tissues or extracts alone. 

The four portions, after the above preparation, were in all cases subjected to 
digestion for an equal, but variable, period, which is recorded under each experiment. 

The four portions were next evaporated to dryness on a steam bath, and each 
dry residue was then treated by the following method. 

The residue was extracted four times with ether ; the ether was separated off 
and evaporation to dryness gave the total ethereal extractive, which was weighed. 

The ethereal residue was dissolved in warm alcohol, and titrated with deci- 
normal sodic hydrate, using phenol-phthalcin as indicator, titrating rapidly and taking 
the first appearance of a pink tinge to indicate neutrality, so as to avoid saponification 
of any trace of neutral fat which might be present. 

After neutralizing the free fatty acid, the bulk of the alcohol used asa solvent 
for the titration was evaporated off to prevent dilution of the standard alcoholic 
potash, now to be used for saponification. 

The alcoholic potash employed for saponification was made up approximately 


of : strength. As it very slowly changes in strength on standing it was titrated 


against standard ° hydrochloric acid, immediately before using for each experiment, 
and the result so obtained used for that experiment. 

In each case 10 c.c. of the alcoholic potash was added and the mixture boiled 
in a flask, fitted with a reflux tube, for twenty minutes. The mixture was then titrated 
back to neutrality with standard ; hydrochloric acid. Thus if to c.c. of the alcoholic 


potash used required 9°6 c.c. of Fs acid, and after boiling with the previously neutralized 
ethereal extract required 9°45 c.c., the amount of alkali used in saponifying any neutral 
fat present would be equivalent to o-1§ c.c. of = hydrochloric acid. 

Experiment 1. Intestinal cells (pig) in distilled water ; period of digestion, 
seventeen hours. In each portion 10 grammes of intestinal mucosa, 30 c.c. of distilled 
water ; to No. 1, added 0°8 gramme of sodium oleate and 0-4 gramme of glycerine ; 
to No. 2, o°8 gramme of sodium oleate only ; to No. 3, o°8 gramme of sodium oleate, 


after previous boiling ; to No. 4, nothing added and not boiled previous to digestion. 
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The results are given in the following table :—- 


| pen Oleic acid Olein | Soap, ete. 
No. 1 0°8034 o'1g42 0'0294 0°5798 
No. 2 06168 o'1885 0'0368 O°3915 
No. 3 Ous7 A o'1294 0°0368 | "4110 
No. 4 0°0526 070309 o'o211 00016 


It is here obvious from column three that the olein present is exceedingly 
small, and when the amount present in the tissue itself, as shown in No. 4, 1s deducted, 
comes well within the limit of experimental error. Column four again demonstrates 
‘that the difference between total extract and free fatty acid found in all the previous 


experiments 1s due to dissolved soaps. 


ADDENDA TO THIS EXPERIMENT 
No. 1. Controls with distilled water—The effect of the processes used in the 
above experiment upon solutions in distilled water (a) of sodium oleate and glycerine, 
and (4) of sodium oleate alone, in identical strengths with those used in the experi- 
ment, was next tested, the same quantities of solution, period of digestion at the 
same temperature, and the same methods of extracting and titrating being employed 
throughout. These controls serve also for the succeeding experimeuts of this series. 


The results were as follows :— 


Total ethereal 


area Oleic acid Olein Soap 
mae orate or glycerine) o°6152 0°07 04 O'O1A7 0°5301 
No. 2 (oleate alone) 05746 bo ee beeen 


The results also show that the oleic acid formed in the case of the intestinal 
extracts was not due to the experimental procedures employed, and that the olein 
there found lies within the limit of experimental error. 

No. 2. Action of the intestinal extract after evaporation to dryness and extraction 
with ether.—As experiment had shown that boiling for five minutes (in No. 3 of the 
previous experiment and elsewhere), although it somewhat diminished the power of 
the extract to produce oleic acid from sodium oleate, still left a considerable amount 
of activity untouched, the residue of No. 4, weighing 0°5786 gramme, to which no 
soap had been added, and which had not only been boiled but reduced to dryness 
and then extracted with ether so that it contained no fatty matter, was tested as to 


whether it still possessed any activity upon sodium oleate. For this purpose it was 
G 
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extracted with 40 c.c. of distilled water, and o°8 gramme of sodium oleate was now 
added, the mixture was digested at 36° C. for a period of seventeen hours, and then 
the determinations made as before with the following results :— 


Total ethereal | 
extract 


Oleic acid ; Olein "Soap 


075352 0°2759 | OO147 | 02446 
| | 


This experiment, therefore, shows that the substance causing the hydrolysis 
of soap into free fatty acid is not destroyed or removed by prolonged heating to 
boiling point, such as takes place in evaporating to dryness on a steam bath, nor by 


extraction with ether several times. 


Experiment 2. Digestion with intestinal cells (pig) in distilled water for a 
shorter period. (Interval two-and-a-half hours). 

The quantities taken, and experimental procedures were as in Experiment 1, 
but the time of digestion was reduced from seventeen to two-and-a-half hours, the 


results were as follows :— 


oa Olei@acia Olein Soap 
extract 

No. 1 075588 0° 1664 0°0073 073851 
No. 2 0°3956 0°1382 O°0147 0°2427 
No. 3 075834 071382 00000 O'4452 
No. 4 00432 | oc 169 0°0294 00000! 


The amounts of oleic acid here formed are almost as large as in the longer 
period of digestion, showing that equilibrium had practically been reached in the 
shorter interval of two-and-a-half hours. 


Experiment 3. Intestinal cells (pig) in 0°75 per cent. saline, quantities and 


procedure as in previous experiment, interval two-and-a-half hours. 


| pease Oleic acid | Olein Soap 
| 
No. 1 | 0°4620 0°1269 O'O147 03204 
No. 2 | 0°3224 (011269 0°0073 0°1882 
No. 3 | 0°2706 0'07 33 O'O147 0°1826 
No. 4 0°0224 O'0197 O°O147 o°00co! 


1. It will be observed that oleic acid and olein slightly exceed total ethereal extract, this is due to experimental error. 
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Experiment 4. Clear intestinal extract (pig) in distilled water, one of gland 
to five of water, period of extraction = 44 hours, period of digestion = 24 hours. 


Quantities taken and subsequent treatment as in previous experiments. 


ee Oleic acid Olein Soap 
No. 073552 o°2171 O01 47 071234 
No. 2 0°3338 0°2284 070220 0°08 34 
No. 3 0°3292 0°1946 O'O147 o"1199 
No. 4 070302 O°0197 0°C220 070000 
Experiment 5. Clear intestinal extract (pig) in 0°75 per cent. saline, one of 
gland to five of saline, period of extraction = 44 hours, period of digestion 
= 24 hours. 
mote ctnered, Oleic acid Olein Soap 
extract 
No. On 252 o'1946 0'0073 0°1233 
No. 2 0°3586 o'2171 0°0073 071342 
No. 3 O'4774 O'2143 O°O147 012484 
No. 4 O°0152 0°008 5 0°01 47 0°0000 


to seven of saline, period of digestion = 15 hours, quantities and procedure 
before. 
SDD ieee Oleic acid Olein Soap 
extract 

No. 0°9330 0°6796 0°1323 O12q1 

No. 2 0°9922 0°7360 o'1617 00945 

No. 3 0°7518 0°2763 OIQ41 o'2814 

No. 4 0°3036 0°2058 0°095 5 0'0023 


Experiment 6. 


Pancreatic cells (pig) in 0°75 per cent. saline, one of gland 


The olein found in this experiment arises from the fat present in the pig’s 
pancreas (compare Experiment 7); it is true that the amount in the control, No. 4, is 
somewhat less than that present in the other three, but this is probably due in great 


part to the protective action of the soap present in Nos. 1, 2, and 3, which is attacked 
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by the active substance of the gland. It may be noticed that the boiling of No. 3 
diminishes the formation of oleic acid (No. 3, column 2) much more markedly than 


in the case of the intestinal and lymphatic extracts. 


Experiment 7. Clear pancreatic extract (pig) in 0°75 per cent. saline ; one of 
gland to seven of saline; period of extraction = 23 hours ; period of digestion = 16 


hours. 
ss can Oleic acid Olein Soap 
No. 1 05344 0°4.766 0°0073 O°0505 
No. 2 0°4582 04484 00073 0°0025 
No. 3 rRAe 04596 0°0073 0°05 43 
No. 4 0°0396 0°0282 O'O147 0°0000 


Experiment 8. Abdominal lymphatic cells (pig) in 0°75 per cent. saline ; one 
of gland to seven of saline ; period of digestion =15 hours. 


Total ethereal | Oleic acid Olein Soap 
No. 1 0°6738 0°2961 0°0073 0°3704 
No. 2 0°5 766 02933 0°0058 02775 
No. 3 0°5062 o'1720 0°0080 0°3262 
No. 4 0°0754 0'0296 070044. OrO414 


Experiment g. Clear extract of abdominal lymphatic glands (pig) in 0°75 per 
cent. saline ; one of gland to seven of saline; period of extraction =23 hours; period 


of digestion = 16 hours. 


To et TOleieac ‘Olein Soap 
No. 1 | 0°5382 O'4174 0'0294 O'ogI4 
No. 2 0°4472 0°3722 O'O147 0°0603 
No. 3 | o'4612 0°3638 oro29$ | = 00680 
No. 4 | 0'0266 00282 O°O147 0°0000 
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Discussion OF THE SYNTHETIC Activity oF Enzymes AND oF Livinc CELLS 


One of the most important results obtained from the work described above, 
is that neither cell-free extracts of the intestinal mucosa nor detached cells are capable 
of synthesizing neutral fats from their constituents ; the positive results in this 
direction obtained by previous workers being shown to be due to incomplete analysis 
of the products obtained. On the other hand, it is quite as clearly demonstrated, by 
the experiments on the nature of the fatty constituents contained in the mesenteric 
lymphatic vessels during fat absorption, that all the neutral fat decomposed during 
digestion is resynthesized during the process of absorption back to neutral fat. 

This result is in full accordance with the facts known regarding cellular activity 
as contrasted with enzymic activity throughout the body generally, and naturally leads 
the mind to enquire what are the usual respective limits of enzymic and cellular 
activity, and to a contrast between the types of chemical reaction induced respectively 
by isolated enzymes and by living cells. 

It is at the present time becoming increasingly fashionable to attribute all the 
chemical processes occurring in living cells to the presence in the cell substance of 
soluble enzymes, which, if we possessed sufficient knowledge of the necessary 
manipulation, might be satisfactorily isolated, and made to perform their work apart 
from their natural laboratory, the cell ; so that if all the contained enzymes had been 
isolated in common solution, the chemical changes occurring in the cell would be 
capable of being brought about by that solution. 

There exists, however, no sufficient experimental basis for such a generalization; 
there is no proof, in the first place, that all chemical changes in the cell are due to 
enzymic action ; nor, in the second place, even admitting that the process 1s carried 
out by a number of enzymes acting in consort, that the presence of the living 
protoplasm is not essential for correlating the work of the enzymes concerned, and 
regulating the extent of activity of each, so that a number of complex chemical 
reactions may be combined in such a fashion as to yield definite end-products in 
definite proportions. When a comparison is made of the products elaborated by the 
living cells of the body, and those produced by the activity of enzymes, certain very 
important differences become apparent, which may here be reviewed. 

In the first place, the type of reaction induced by enzymes 1s very simple compared 
with that brought about by cells. The vast majority of enzymic reactions are simple 
hydrolyses, such as can readily be imitated by dilute acids or alkalies ; in other cases there 
is merely a simple molecular rearrangement, or at most, the detachment of the elements 
of water and carbon-dioxide, as in the case of the yeast enzyme. On the other hand, 
when the activity of living protoplasm is called into play, there occurs a building up 
of most complex chemical products from simple constituents, such as has only been 


imitated in a few of the less complex instances in the chemical laboratory, and then 
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under conditions of temperature and presence of reagents such as cannot occur in the 
living cell, and hence by methods entirely different, and probably with types of energy 
different from those utilized in the living cell. 

If the more complex operations occuring in the living cell were due to the 
action of enzymes, there is no apparent reason why such enzymes should not be 
equally obtainable alongside the enzymes which induce the simpler chemical changes. 
No such enzymes have, however, hitherto been obtained from living cells, and hence 
the view that such processes are due to enzymes has no experimental basis, and room 
is certainly left for the alternate hypothesis that these complex syntheses, which, under 
the given conditions, are peculiar to living matter, are brought about by the presence 
of the living protoplasm, and possibly by the development of a type of energy 
peculiar to living matter, and capable of acting, in presence of the cell which plays the 
part of an energy-transformer, upon the substances present in the cell and causing 
chemical transformations which give rise to the complex syntheses under discussion. 

A second point of distinction between enzymic action and cellular activity is, that no instance 
is known in which a markedly endo-thermic reaction is capable of being induced by an 
enzyme, while there are numberless. examples of such reactions being brought about by the 
action of living cells. 

This is a characteristic difference of fundamental importance, whatever the 
explanation of it may be, and points to a much more complicated machinery for the 
induction of chemical action in the living cell than that which is present in the case 
of the enzyme. It is obvious that the energy for such endo-thermic reactions cannot 
come from the small amount of cell protoplasm, and hence it follows that the cell, in 
virtue of its structure, or of some intermediate type of energy connected with its 
structure, as a living organism, is capable of acting as an energy-transformer. The 
form of external energy so transformed may be very varied, it may be light energy, 
as in the case of the chlorophyll-containing cells of growing plants, or surplus 
chemical energy, as in the transformation of carbohydrate into fat by the connective 
tissue cell of the animal body. Even where only chemical sources of energy are 
involved, the action of the living cell is different from that of a single enzyme, in 
that energy which is obtained from the oxidation and breaking up of one portion 
of a substance can be stored in some fashion and utilized for the building up of other 
substances containing more chemical energy than that from which they were formed. 
Such a complex activity proceeding upon like substances in opposite directions at the 
same time has not been recorded in the case of an enzyme, and indicates a complexity 
of action in the case of living cells which is absent in enzymic action. Thus, when 
from a supply of carbohydrate food to a living cell, fat is formed, the process must 
consist in the oxidation of a part of the carbohydrate, and the energy so set free, 
instead of passing out of the cell as heat, must be utilized by the cell to yield the 


energy necessary for the reduction and combination of other molecules of the 
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carbohydrate to form fat.. No enzyme is known which can utilize such a supply of 
energy to form fat from carbohydrate, and hence it seems probable that the 
living cell is capable of developing an intermediate form of energy, which then acts 
upon the portion of carbohydrate to be changed into fat, and yields to this the 
necessary energy for the processes of reduction and combination required for the 
production of fat. 

Such a view of a type of energy peculiar to living matter is widely different 
from the old view of a vital force or vital energy of a mystic character, and with no 
relationship to the forms of energy found in non-living matter. 

To prevent confusion, the term vital energy ought not to be used to represent 
it, the term diotic energy is here suggested, to indicate that from a definite amount of 
energy of any given type, such as solar energy or chemical energy, a type of energy 
may be produced which is capable of developing other forms of energy in the cell, 
such as mechanical or thermal energy, or the energy necessary for the production of 
endo-thermic reactions, and the evolution thereby of the complex products of organ‘c 
synthesis manufactured by the cell. 

It cannot be too strongly urged that the production of urea, or the sugars or 
other complex organic substances by laboratory reactions, which were at one time 
believed to be capable of production only by the cell, cannot be used in any sense as 
a proof of the non-existence of such a type of energy as has been enunciated above, 
and styled biotic energy. 

Even had every individual substance formed under usual conditions in nature been 
synthesized in the chemical laboratory, no proof would thereby be given that such substances 
are formed in the living cell from the identical types of energy, or by the same intermediate 
Processes, as they are formed experimentally in the laboratory. 

In proof of the above statement, it may be urged that the same chemical sub- 
stance may be formed synthetically by the use of different forms of energy ; in one 
case say by thermal energy, in another by electrical energy, and yet in another by 
radiant energy. If these are to be regarded as distinct types of energy, so also must 
the energy of the living cell, which carries out operations inexplicable by the applica- 
tion of the laws of diffusion and osmosis to the cell. 

The fact that in the living cell there exists a mechanism for energy transforma- 
tions dissimilar in structure and properties from anything found in inorganic or non- 
living nature, and producing results which cannot be imitated wader similar conditions 
by any other form of energy-transformer acting only with non-biotic forms of energy, 
points strongly to the conclusion that the cell develops a type of energy peculiar to 
itself, with its own easily recognized criteria, which distinguish it from other forms of 
energy, and which is interchangeable in definite proportions with and for these other 
forms of energy. A form of energy as full of mystery as to its nature and properties 
as any of the non-biotic forms, but no more mystical than any one of them, and no 
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less strongly characterized and differentiated from them than they are from one another. 

Whether it be granted or not that the living cell intermediately develops a 
type of energy peculiar to itself, the experimental fact remains that the cell is capable 
of inducing actions of greater complexity and involving more markedly endo-thermic 
reactions than the soluble ferment. 

Thus the reaction induced by the enzyme is of a simple type, either a single 
substance is resolved into two or more substances, or by an inverse change two or 
more simple substances are united to form a single substance ; there are no intercurrent 
reactions of different type involved. But in the case of the cell, several reactions take 
place concurrently, and the energy set free from one reaction is used in running 
another, so that the whole process becomes complex and of a character, as to the 
nature of products formed, which is quite different from that due to an enzyme. 

In one important respect, however, the action of the living cell and the enzyme are 
identical, that is, that neither the living matter of the cell nor the substance of the enzyme 
enters permanently into the chemical reaction induced. The quantities of matter trans- 
posed from one chemical form to another are disproportionately large, compared to the 
masses of cell or enzyme responsible for the chemical change, and hence, both cell and 
enzyme must be regarded essentially as energy-transformers for chemical energy. 

The fact that enzymes are incapable of inducing markedly endo-thermic re- 
actions is due to the fact, insisted upon above, that the reaction is simple in type, and 
hence an enzyme cannot oxidize part of the material, and utilize the supply of energy 
so obtained for the formation, by an inverse process, of assubstance containing more 
chemical energy per unit weight than the original substance. 

An enzyme can, however, under suitable conditions of concentration of the 
solution and temperature, induce synthetic change by altering the level of the equi- 
librium between the various types of energy interacting in the system. 

Such synthetic changes due to enzymes occur, however, only in the case of 
reactions in which there is little change of chemical energy, as shown by the equality 
of heats of formation, within the limits of experimental error, of the substances 
involved in the reaction. 

No synthesis due to enzymic action has been shown to occur where the heat 
of combustion of the substance formed in the synthesis is measurably greater than 
those of the substances from which it is formed. 

All such reactions belong typically to the class of reactions known as reversible 
reactions, and in them the amount of chemical energy involved in the reaction is small 
compared to the masses of the reacting substances, or to the thermal capacities of 
those masses. 

In such reactions the equilibrium point is that stage in the reaction at which 
there is equilibrium between the potential factors of the forms of energy (viz., 
osmotic, thermal, and chemical) involved in the reaction. 
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In any given reaction the greater the difference in chemical potential, as 
measured by difference in heat of formation of the substances present at either end 
of the reaction, the more completely will the reaction run towards that side at which 
the chemical energy is at a minimum, and the greater will be the velocity of 
reaction. 

In all reactions which are induced or accelerated by enzymes, the change in 
chemical energy is small, and it is for this reason that all such enzymic changes as 
digestion of proteids and hydrolysis of fats, starches, and sugars run with measurable 
velocities, and are, under certain conditions, reversible. 

The function of the enzyme in accelerating such reactions or starting them 
when in complete abeyance, consists in increasing, in some manner, the difference 
in chemical potential in the solution. 

It is only by an alteration in the difference in chemical potential that a reaction 
proceeding, with given concentration at a given temperature, can be altered in velocity ; 
and in certain cases, even where the reaction when once started 1s markedly exo-thermic, 
the difference in chemical potential must be increased before the reaction starts. 

The need for such an increase in the difference of the chemical potential is still 
more obvious when the amount of energy set free in the reaction is small, as in all 
cases of enzymic action. 

Hence, in a great many cases, the action remains stationary until the enzyme 
is added. 

Also different enzymes cause varying amounts of alteration in chemical 
potential, and hence the reaction stops at different stages with different enzymes. 

Thus in the hydrolysis of starch to glucose, one enzyme stops at the stage of 
maltose, while another is capable of causing a sufficient amount of change of chemical 
potential to carry the hydrolysis on into glucose. 

The above view of catalysis as a change due to alteration in chemical potential 
ina chemically reacting system, differs in certain respects from that enunciated by 
Ostwa.p,’ and now usually accepted. 

According to Osrwatp, the action of a catalyser is merely that of accelerating 
(or retarding) a reaction which is already proceeding, it may be at an immeasurably 
slow rate, the catalyser itself not being altered in the reaction or adding energy to it, 
so that the point of equilibrium cannot be altered by the presence of the catalyser. 

In other words, a catalyser merely acts upon the velocity of reaction, but 
cannot alter the end result or start a reaction which would not occur, provided a 
sufficiently long time interval were allowed to elapse, without its presence. 

The view stated in this paper, however, is that a catalyser or enzyme may 
not only alter the velocity of a reaction, but may start a reaction which would not 


proceed at all in its absence, and may further alter the point of equilibrium of the 
reaction. 


1. Uber Katalyse. Vortrag gehalten auf der 73 Naturforscherversammlung xu Hamburg, 1901. Leipzig, S. Hirzel, 1902. 
H 
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It may first be pointed out that the supposed thermodynamic proof that the 
point of equilibrium of a reaction cannot be disturbed by a body which is not itself 
altered in the reaction is erroneous, since the proof given excludes without adequate 
grounds the view that the catalyser, when present, may alter, without itself being 
permanently changed, the distribution of energy between the other constituents by 
altering the equilibrium of potentials of the thermal volume (osmotic) and chemical 
potentials of the system. 

The thermodynamic proof above-mentioned consists in instituting a cycle in 
which, supposing that the point of equilibrium is not the same in the presence and in 
the absence of the catalyser, the substance with the higher amount of chemical 
energy is formed in the presence of the enzyme ; the enzyme is then supposed to be 
removed, and the excess of substance with higher chemical energy ; and then the 
enzyme may be once again employed for forming a fresh quantity of substance of 
higher chemical energy from the substance of lower chemical energy. In this manner, 
chemical energy may be perpetually formed without expenditure of energy, since the 
enzyme is not changed in the process. 

The fallacy of the reasoning lies in the fact that the energy employed in the 
formation of chemical energy comes from other forms of energy present in the 
solution, such, e¢.g., as volume or osmotic energy, by a redistribution of potentials due 
to the presence of the catalyser in the solution, and that immediately on removal of 
the catalyser in the second stage of the imaginary cycle, the system will revert to its 
old position by an inverse distribution of potentials, so that the substance formed in 
the presence of the catalyser is reconverted back in the absence of the catalyser into 
the substance from which it was formed, accompanied by an inverse flow of energy. 
There is hence no theoretical basis for the view that the equilibrium point must be 
the same in a chemical system in the presence and in the absence of a catalyser. 
That an enzyme cannot start a reaction which will not proceed in its absence is merely 
a particular case of the above, and hence similar reasoning may be applied to it. 

Under ordinary conditions, the synthesis of a substance of higher chemical 
energy from one of lower chemical energy can only occur, either when the difference 
in energy is small and can be taken from the volume energy (osmotic energy) of 
the solution, e¢.g., asin the synthesis of maltose from dextrose in concentrated solution ; 
or when the catalyser is supplied with some form of energy extraneous to the system ; 
as in the synthesis of organic plant substance by chlorophyll-containing cells from 
solar energy, or by fat-forming cells by the use of a degradation of the chemical energy 
of a part of the system. For a higher form of energy such as chemical energy cannot 
be formed from heat energy at the same temperature. Hence usually, the work of 
a catalyser consists in starting, or in accelerating, a reaction which runs exo-thermically 
with degradation of chemical energy and evolution of heat. 

Experimental results also support the view that catalysers are capable of starting 
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chemical reactions as well as accelerating them, and further, that the extent of action 
depends upon the power of the catalyser. 

Thus a sterile solution of starch remains indefinitely unchanged in measurable 
degree, but in presence of ptyalin or maltase is rapidly converted into dextrin and 
maltose, where the hydrolysing action ceases. On the other hand, dilute acid or 
invertin carries the process on a stage further into glucose. 

Coagulated white of egg remains for days and weeks unchanged in presence 
of 0-2 per cent. of hydrochloric acid, or in 05 per cent. of sodic carbonate, but if 
pepsin or trypsin be added to these fluids respectively, it is dissolved completely in a 
few hours, and the extent and nature of the change varies with the particular enzyme 
added. Casein solution undergoes no slow spontaneous coagulation in the absence of 
its appropriate ferment, but coagulates in a few minutes when it is present. All these 
facts, and many similar ones, argue strongly for the view that an enzyme not merely 
alters the velocity of the reaction, but also that it is responsible for its inception, and 


determines its amount and character. 


SUMMARY 


1. Absorbed fat is re-synthesized to neutral fat in the intestinal mucous 
membrane, as shown by the large percentage of neutral fat in ethereal extracts of the 
mucous membrane taken during fat absorption, and by the fact that a// the fat in 
the lymph of the mesenteric lacteals during fat absorption, before the abdominal 
lymphatic glands are reached, is neutral fat. 

2. The detached cells of the pancreas, mucous membrane of intestine, and 
mesenteric lymphatic glands have a powerful action in setting fatty acid free from soap, 
and a similar action is obtained with cell-free extracts of such tissues; but xo synthesis 
of neutral fat has been obtained by the action of such cells or extracts upon solutions 
containing soap and glycerine. 

3. A-comparison of results 1 and 2 leads to the conclusion that the living 
cell is capable of inducing syntheses which are not brought about by enzymes, and has 
led to a discussion of the relative properties of enzymes and cells in which the 
following conclusions are drawn :— 

(a) The type of reaction is much more complex in the case of the living cell 
than that of the enzyme. 

(2) The living cell can perform endo-thermic syntheses by causing, at the 
same time, oxidation and reduction processes in one and the same chemical substance. 

(c) Such forms of energy-transformation as occur in the cell are peculiar in 
type, and are best explained on the assumption that a form of energy, termed in this 


paper Jiotic energy, is developed by the living cell. 
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(2) An enzyme probably produces its effect by causing alterations in chemical 
potential, and as a result can not only vary the velocity of a reaction, but can also 
start it or leave it at rest at various stages; and, provided the amount of energy 
transference from osmotic to chemical energy is not great, may cause a considerable 


amount of synthesis and a variable point of equilibrium. 
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INCE presenting our former note on this subject, we have obtained some further 
observations, though the number is still less than we should wish, owing to the 
rarity and expense of the material. Our further observations have been upon 

five chimpanzees of the commoner variety, and upon one more orang. 

The statements given in our former communication have been confirmed in 
all respects by our observations obtained since then. We can, further, now make the 
following statements in addition :— 

The whole of the surface of the ‘island of Reil’ has proved ‘inexcitable’ under 
faradization, with currents even considerably more intense than those sufficing to excite 
muscular movements when applied to the precentral convolution. This is noteworthy, 
because the large extent of the insula is a character distinguishing the brain of the 
anthropoid apes from that of the lower apes, and bringing it nearer toward the human 
type. 

Faradization of the cortex of the inferior frontal convolution in either 
hemisphere has failed in our hands so far to elicit movements of any satisfactory 
degree of regularity or constancy ; and this even under use of currents much stronger 
than those which suffice when applied to the ‘motor’ cortex proper. The move- 
ments for which, in particular, careful search was made, were those connected with 
vocalization. From the posterior region of the convolution, at scattered points, and 
without constancy even at them, strong faradization occasionally seemed to induce 


movements in the larynx, distinguishable from the rhythmic of respiratory origin. 
Judging from such evidence as we altogether obtained, we conclude that either (1) 
no Broca ‘ speech centre,’ at all distinctly foreshadowing the human, exists in these 
anthropoid brains, or (2) that direct faradization of the Broca speech cortex is 
inefficient itself to evoke vocalization. These two inferences, are, of course, not 


mutually exclusive, and both the suppositions may be correct. 
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Repeated observations on excitation of the cortex of the precentral convolution, 
confirm an opinion we had formed at the time of our former communication, and 
indicated in the diagram then furnished, but that we did not verbally express. This 
is to the effect that the anterior limit of the ‘ motor’ field is not of sharp, abrupt 
character, but fades off forward somewhat gradually. This edge extends further 
forward under ‘ Bahnung. Under general conditions producing lowered excitability 
of the cortex it retires backward in the direction of the central fissure. 

In a similar manner the boundary of the area for any particular movement 
may by ‘ Bahnung’ be extended beyond its average limit. The special form of move- 
ment provoked from a given spot of cortex is thus influenced by the particular forms 
of movement excited from neighbouring points just antecedently. 

Among movements elicited from the cortex of the ‘ facial’ region, we have in 
two instances seen protrusion of the tongue, succeeded by forcible closure of the jaws 
following rapidly before retraction had withdrawn the tongue behind the arcades of 
the teeth ; so that in these instances the tongue was caught by the closure of the 
teeth. This sequence of movements presents interest, as evidencing that a sequence 
of movements evoked by excitation of the cortex may exhibit in some respects faulty 
co-ordination. The movement is also of interest as a result of direct cortical 
excitation, which harmonizes with the biting of the tongue in epileptic seizures. 

Ablation of the facial area of the ‘motor’ region was performed in one 
individual. A crossed hemiparesis ensued in the lips, cheek, tongue, nasal fold, 
and lower eyelid (very slight), but not in the upper lid, eyebrow, or frontal 
region. 

As to the recovery of movement that occurs in a limb rendered paretic by 
ablation of its cortical area in the ‘ motor’ region, we find the following points: If 
all the area, which when faradized evokes movements of fingers, thumb, and wrist 
primarily, and not as a later sequel to movements starting elsewhere, be excised, the 
paretic condition of the hand which ensues is severe, but rapidly diminishes. In a 
few weeks the hand is again very fairly and freely used. If, then, the whole of the 
corresponding area in the opposite hemisphere is removed, a similar paresis similarly 
ensues in the other hand, and runs a similar course ; but this second lesion does not 
produce, so far as we have been able to discover, the slightest recrudescence of the 
paresis already recovered from in the first hand. On the contrary, the first hand 1s 
almost at once employed more freely and successfully than prior to the second 
operation, presumably because of greater inducement to use it during the disability 
existing in the second hand. If, then, later, after the second hand has regained its 
use, the remaining part of the arm area first operated upon be ablated, this causes no 
obvious recrudescence of paresis either in the first hand or in the second hand. It 
causes severe paresis at shoulder, and to some extent at elbow, on the side crossed to the 


lesion, but this, again, is in great part of temporary character, and is largely recovered 
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from. In accord with the absence of recrudescence of the hand paresis on ablating 
in the third operation the remaining intact part of the arm area, we found that 
faradization of that part (elbow and shoulder) provoked, as usual, movements of 
elbow and shoulder, but not of hand itself, or only of hand late in a general arm 
movement, and that very rarely. In short, neither the ablation or excitation methods 
gave any evidence that the remaining part of the arm area had taken on the functions 
of the ablated hand area. The recovery of the hand movement seems, therefore, 
not due to either the adjacent cortex of the same hemisphere, or the corresponding 
hand area of the cortex of the opposite hemisphere, taking on the functions of the 
ablated cortical hand area. 


Sule.Central, Anus & Vagina 
Sulec.calloso * x : Sule. precentrmarg. 


DESCRIPTION OF FIGURE 


Brain of a chimpanzee (Troglodytes niger). Lett hemisphere ; mesial surface. ‘The extent of the 
‘motor’ area on the free surface of the hemisphere is indicated by the black stippling. On the stippled 
area, ‘ LEG,’ indicates that movements of the lower limb are directly represented in all the regions of the 
‘motor’ area visible from this aspect. Such mutual overlapping of the minuter sub-divisions exists 1 
this area, that the diagram does not attempt to exhibit them. ‘The pointing line from ‘ Anus, etc.,’ 
indicates broadly the position of the area whence perineal movements are primarily elicitable. 

Sule. Central. = central fissure. Sule. calearin. = calcarine fissure. Sule. parieto occip. = Parieto- 
occipital fissure. Sul. calloso marg. = Calloso-marginal fissure. Sule. precentr. marg. = Precentral marginal 
fissure. 

The single italic letters mark spots whence, occasionally and irregularly, movements of the foot 
and leg (ff), of the shoulder and chest (s), and of the thumb and fingers (4) have been evoked by strong 
faradization. Similarly the shaded area marked ‘ EYES’ indicates a field of free surface of cortex, which 
under faradization yields conjugate movements of the eyeballs. The conditions of obtainment of these 


reactions separates them from those characterizing the ‘ motor’ area. 
I 
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Faradization of the cortex of the post-central convolution, though not itself 
eliciting movement, when employed at certain places, facilitates the elicitation of move- 
ment by faradization at certain points at about the same horizontal level in the pre- 
central convolution. In other words, from certain parts of the post-central convolution, 
a facilitating influence (bahnung) can be exerted upon somewhat adjacent parts of the 
pre-central convolution. 

Removal of the adjacent levels of the pre-central convolution does not render 
the post-central convolution ‘ excitable’ ; that is to say, destruction of the pre-central 
convolution does not make it the more possible to obtain movements under faradiza- 
tion from the post-central convolution. 

The motor cortex of the infant chimpanzee, a few weeks old, is readily excit- 
able by faradization. Its reactions do not appear to differ obviously in this respect 
trom those obtainable from the adult. The movements it yields are not choreiform 
in character. 

The spinal degeneration ensuing upon ablation of the arm area of the motor 
cortex of the chimpanzee, although it sometimes reveals a large uncrossed ventral 
pyramidal tract (direct Py. Tr.),; does not do so in every case. Even after bilateral 
arm area lesions, the ventral pyramidal degeneration in the spinal cord may be very 
slight. The anthropoid cord resembles the human, therefore, not only in the posses- 
sion of this tract, but in exhibiting in regard to it a remarkable degree of individual 


variation of development, as FLecusic showed to be the case in man. 


The expenses of this research have been in part defrayed by a grant kindly 
allowed by the Scientific Grants’ Committee of the British Medical Association. 
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SENIOR DEMONSTRATOR OF PHYSIOLOGY, AND FORMERLY G. W. GARRETT FELLOW IN THE UNIVERSITY OF LIVERPOOL 


[* continuation of the work of Macponatp' on the physical properties of nerve, 
| a series of measurements has been performed to determine the electric 

conductivity of the sciatic and ulnar nerves of the cat, and the influence on the 
conductivity and on the weight of a five minutes’ immersion in saline solutions of 
different strengths. It will be recalled that Macponatp found the injury current to 
be increased or decreased in a very definite way by immersion for five minutes in 
solutions of different concentrations. The strength of the injury current obeyed so 
definite a ‘concentration law’ as to warrant the conclusion that this current was 
produced by the nerve acting as a concentration cell; the more concentrated solution 
being in the interior of the nerve, that is to say, in the axis cylinder, and being 
separated from the less concentrated solution or lymph by the partially imper- 
meable membranes surrounding the axis cylinder. In the hope that measurements 
of the conductivity of nerve as affected by immersion in saline solutions would 
further test this conception, the present series of measurements was undertaken. 
The author is indebted to Macponatp for the suggestion of the problem and of 
~methods as well as for the loan of apparatus. The latter, and also the procedure, 
were in the main the same as described by Macponatp. 

The sciatic and ulnar nerves were cut from a cat immediately after death, 
and kept in a moist chamber till each was used. Each nerve was cut to a 
length of about 5 c.m., its length, resistance, and weight were measured ; it was 
then immersed for five minutes in a solution of potassium chloride of known 
strength, after which its length, resistance, and weight were again measured. 
Krom these data the specific conductivity, or conductivity per cubic centimeter, 
before and after immersion, were calculated. 

The moist chamber in which the nerve was placed during the measure- 
ment of resistance, and also the solution in which it was immersed, were main- 
tained as nearly as possible at 18° C., and correction was made for the slight 
deviations from this temperature, 


1. Thompson Yates Laboratories Report, 1902, IV, part II, pp. 213-347. 
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Aside from minor series of experiments not here reported, one hundred 
and thirty-five sciatic and fifty-five ulnar nerves were immersed and measured. 
Each of the eleven strengths of solution was tried on at least ten sciatic nerves 
and four ulnar nerves. The number of cases and the uniformity of results are 
sufficient to guarantee the average determinations from large chance errors. 

The lengthwise resistance of the sciatic nerve of the cat, when examined 
a few minutes after death, at 18°C., was found to average 200°7 ohms per 
cubic centimeter. The specific resistance of the ulnar nerve was somewhat 
smaller, 186°0 ohms on the average. Otherwise expressed, the specific conductivity 
of the sciatic nerve is 0’0050 mhos, and that of the ulnar nerve 0°0054 mhos. 
The substance of the ulnar nerve is thus a better conductor by about eight per 
cent. than the substance of the sciatic. This is not a chance result, but is almost 
invariable for every cat used, though a few exceptions occur in which the sciatic - 
has as high conductivity as the ulnar. 

The specific conductivity (lengthwise) of the posterior spinal roots is con- 
siderably less than that of the sciatic nerve, being about 0°003 mhos, and _ that 
of the cord is somewhat less still. G6rutrn' has found the specific conductivity 
of the corpus callosum to be much less than that of a peripheral nerve, and 
supposes’ the difference to be due to the presence, in the sheath of the peripheral 
nerve, of well-conducting lymph spaces. If this were so, then freeing the peri- 
pheral nerve fibres of part of their envelopes and lymph spaces would increase the 
longitudinal specific resistance of the nerve. It is easy, in case of the sciatic, to 
pull out without violence one of the large strands of which the trunk is composed. 
I have done this with eleven nerves, and find the specific conductivity to be 
increased, not diminished. The specific conductivity of the strand is about one- 
eighth greater than that of the whole nerve. Now since the strand contains a 
larger proportion of nerve-substance proper than the whole trunk, the higher 
conductivity of the strand proves that nerve-substance proper is more conductive 
than the connective tissue envelopes with their lymph spaces. Moreover, in 
‘nerve-substance proper’ is contained the non-conductive medullary sheath, as 
well as the axis cylinder, each occupying about half of the cross-section. The 
specific conductivity of the axis cylinder must, therefore, be more than twice as 
high as that of the outer envelopes with their lymph spaces. This result goes 
to substantiate Macponatp’s view that the interior of the nerve-fibre contains a 
more conductive, and therefore more concentrated, solution of electrolytes than 
the lymph bathing the outside of the fibres. 

The high resistance of the posterior roots, and of the cord, is probably 
to. be explained by the lack of parallelism of the fibres. It is known? that the 


1. G.F. Gothlin. Upsala Lakareforenings Forhandlingar, 1902, VIII, 156, 163. 
2. Gothlin, op. cit., p. 165. 
3. Tereg. Archiv. fir (Anat. u.) Physiol. 1899, p. 319 3 Gothlin, of. cit., p. 163. 
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resistance across the fibres 1s much greater than along them, and any structure 
other than a peripheral nerve, not having parallel fibres, would on that account 
have a relatively high longitudinal resistance. The ulnar nerve has a relatively 
small amount of connective tissue envelope and lymph space, and its higher 
conductivity may be due to this fact. 

A few determinations of the specific gravity of a nerve, by use of glycerine 
solutions of different densities, have given the values 1-030 for the sciatic, 1°042 for 
the ulnar, and 1°045 for a separate strand of the sciatic. The values given above for 
specific conductivities should properly be multiplied by these numbers respectively, as 
the volume and specific conductivity were computed on the basis of a specific gravity 
equal to 1-000. The changes in specific gravity produced by five minutes’ immersion 
in distilled water, and in a gramme-molecular solution of KCl, were about 0-005 in 
case of the sciatic nerve, and a little more in case of the ulnar. 

The effects of immersion on the weight and on the electric conductivity of a 
nerve were found to be exceedingly definite functions of the strength of solution used. 
Weak solutions, while lowering the specific gravity, increase the absolute weight of 
a nerve; and concentrated solutions, while raising the specific gravity, decrease the 
absolute weight. This means that water diffuses trom the weak solutions into the 
interior of the nerve, and from the interior of the nerve into strong solutions. The 
strength of solution that produces no change in the weight of the sciatic nerve 1s 
about one-eighth of the gramme-molecular solution (the latter being, for KCl, 7°45 
per cent)." 

The ratio of the weight after five minutes’ immersion to the weight of the 


fresh nerve is as follows, in case of each strength of solution :— 


Distilled water a, a Oe see 1°03 3 
1/40th gramme-molecular solution of KC] ... 1°O17 
1/20th a _ 5 MA L'O1S 
1/10th 35 - 3 we 1°006 
1/sth a a 5 tee 0°996 
Os - i ies wa 0°993 
1/5th ee re Nee 0972 
1/4th 5 ' en 0'°953 
1/2 3 5 sae 07948 
I ua A rp 0°928 
2 - . nf o'gol 


The specific conductivity of a nerve is increased by immersion in strong 
solutions, and decreased by immersion in weak solutions. The concentration 


necessary in order to cause no change in the conductivity of the immersed nerve 1s 


1. Incase of the ulnar nerve, the strength of solution necessary to cause no change in weight was somewhat greater, 
according to my determinations, but there is here a slight source of error, due to the fact that the ulnar nerves were kept longer 
before beng immersed. This error does not prejudice the values for the specific conductivity, for the latter was found not to 


change during over an hour’s stay in the moist chamber. 
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about one-eighth of the gramme-molecular. This strength of KCl, or 0°93 per cent., 
is thus near to the isotonic solution of nerve, whether judged by weight or by 
conductivity. 

The ratios of the specific conductivity after immersion to the original 


conductivity are as follows :— 


Sciatic Ulnar 
Distilled water ous .| 07831 0°766 
1/4oth gramme-molecular_ ... 0847 ogi 
1/zoth " sea | 08872 0°878 
1/toth FS -..| 07948 0°899 
1/8th 3 53 |  0°985 0°992 
O'ls 3 ; ae 1°033 1'020 
1/5th os A sacl I‘rit 1°088 
1/4th eS - ae 1°163 1172 
1/2 7 “i | 1°529 1°621 
I 3 Re | 2°137 1°972 
2 9 Pr, | 3°039 3°363 


Five minutes’ stay in distilled water does not deprive a nerve of all its 
conductivity, but of only about 20 per cent. Now Macponatp' concluded, from 
the regularity with which the injury current of nerve obeyed the ‘ concentration law,’ 
after five minutes’ immersion in any solution, that this length of immersion sufficed 
to replace the lymph of the nerve sheathes by the solution used, without much 
altering the solution present in the axis cylinders. Adopting this conception, I infer 
that five minutes’ stay in distilled water practically abolishes the conductivity of the 
external solution, so that the conductivity that remains belongs to the ‘ internal 
solution’ in the axis cylinders. I thus infer that about 80 per cent. of the 


normal conductivity of a nerve is furnished by the internal solution. 


This view is confirmed by the effects of other solutions on the conductivity... | 


For if the internal solution remains the same after five minutes’ immersion in any .. | 


solution of KCl, while the external solution acquires in each case the concentration 
of the solution used, then the internal conductivity would remain constant throughout 
(=80 per cent. of the normal conductivity of the whole nerve), and the external 


1. Op. cit., pp. 292-296. 
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conductivity would be proportional to the conductivity of the solution used. The 
whole conductivity of the nerve would be equal to the sum of a constant quantity 
plus a quantity proportional to the conductivity of the solution used. Now if the 
values given above for the conductivity after immersion (expressed as ratios to the 
conductivity before immersion) are plotted against the conductivities of the solutions, 
the result is as shown in the accompanying figure. The relation is a straight line, or 
very nearly so. Its equation would have the form y = ax + c. The ordinate 
(conductivity of the nerve after immersion) is equal to a constant c (80 per cent. of 
the normal conductivity of nerve) p/us a quantity which is directly proportional to x, 
the conductivity of the solution. The whole series of results is therefore in harmony 
with the view that 80 per cent. of the conductivity of nerve is provided by the 


internal solution. 


Lar ee 


My measurements afford another means of calculating the relative conductivity 
of the internal and external solutions of a nerve. Before immersion the external 
solution has a conductivity about equal to that of the 1/8th gramme-molecular 
solution of KCl. After immersion the external solution has a conductivity equal to 
that of the KCI solution used ;_ therefore, the conductivity of the external solution is 
changed in a known ratio. The original conductivity of the nerve is equal to the sum 
of the internal and external conductivities, while the conductivity after five minutes’ 
immersion is equal to the same internal conductivity p/us a known multiple of the 
original external conductivity. We have thus two equations for finding our two un- 
known conductivities—internal and external. Macponatp' has already solved such 
equations in a typical case. Part of the object of my work was to see whether the 
values so calculated would agree in different cases and with different strengths of 
solution. I found considerable variability among the individual nerves, but close 
agreement between the averages for different strengths of immersing solution. The 


I. Of. City p. 342 
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results obtained with solutions close to the isotonic could not, however, be used for 
these calculations, because the error introduced by any slight variation in the con- 


centration of the lymph was very great, and even led at times to negative values, here 


meaningless. Leaving out of account the solutions of 1/1oth, 1/8th, and o-15 
gramme-molecular strength, the average results were as follows. The numbers give 


the fraction of the total conductivity that must be assigned to the internal solution :— 


Sciatic Ulnar 

Distilled water Dy Bee 07831 0'766 
140th gramme molecular... 0804 0°757 
1/20th - a ae 0°75 o'781 
1/sth = - Fees Sar 0°852 
1/4th os oi 0°832 o0°822 
1/2 a 5 o810 O77 
I ” » o°819 o'841 
2 » oF 0840 o'824 
Average ae o'815 o80! 


This series of calculations agrees with the preceding one in assigning about 
89 per cent. of the total conductivity of nerve to the internal solution. With this 
agrees also the rougher estimate based on the fact that a strand of the sciatic had a 
higher specific conductivity than the whole nerve. All the results are, therefore, in 
favour of Macponatp’s view that the internal solution of nerve is decidedly more 
concentrated than lymph. ; 
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ON THE DOSAGE OF THE MAMMALIAN HEART 
BY CHLOROFORM 


By C. S. SHERRINGTON, F.R.S., anp S. C. M. SOWTON 


O measure that dosage of chloroform under which the mammalian heart can 
and cannot continue to work efficiently was a problem given us by the Special 
Chloroform Committee of the British Medical Association.* Our preliminary 

Report was presented to the Committee on February 26 of this year. The present 
Report must be considered to deal still with the first stage of the enquiry. 


MeretrHop 


The method we have followed for perfusion of the heart has been that intro- 
duced by LancenporrF' (1895). Our observations have dealt almost exclusively with 
the heart of the cat. We have on occasions used also the heart of the dog. In 
either case the heart was removed from the animal freshly killed. 

Into the aorta, close above its origin, a cannula was tied with its delivery end 
close above the sinuses of Valsalva, as practised by Newer, Martin and AppLeGartTH’ 
(1890), and LancenporrF’ (1895). The other end of the cannula was connected 
with a tube leading from a reservoir containing a modified Rincer’s solution (Fig. 1). 
This solution was kept warm in a water bath at 38°C. It was displaced from the flask 
containing it by introducing oxygen through it into the flask under a pressure 
120 mm. Hg. above atmospheric. It had in the heart cannula a pressure of about 
110 mm. Hg. The warm salt solution, after passing through the coronary system, 
collected in the right auricle and there dribbled over, keeping the whole heart moist 
and warm. The heart was held firmly by two clamps, one fixing the root of the 
lung, and thus indirectly the base of the heart, the other fixing the apex of the heart 
by the lower end of the left ventricle itself. A thermometer was let into the side of 
the cannula above the aorta. 

The tube leading to the cannula was Y-shaped, and while one limb of the 
tube led from the reservoir of modified Rincer’s solution, the other led from a 
similar though smaller reservoir, in which the modified Rincer’s solution contained 
an accurately-measured quantity of chloroform. Both reservoirs were in the same 


water bath, and the fluid in each was similarly supplied with oxygen and under the 


* The Committee consists of Dr. Barr, Dr. Dudley Buxton, Prof. Dunstan, Mr. A. Vernon Harcourt, Sir Victor 
Horsley, Dr. McCardie, Prof. Sherrington, and Dr. Waller (Chairman). 
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same pressure. Three 3-way taps in the Y-shaped tube allowed perfect control and 
interchange of the feeding fluids without any intermission of the supply to the heart. 
The capacity of the tubing between the CHCl, solution inlet and the heart was 5 
cub. cent. The point marked on the graphic records by the CHCl, signal as the 
moment of commencement of admission of CHCl, solution to the heart is the 
moment at which this tap (2, Fig. 1) was turned, admitting the CHCI, solution to 
the delivery tube just above the aorta. The real moment of admission of the CHCl, 
solution to the heart was therefore a little later than that marked, beginning actually 
after the intervening 5 cub. cent. of unchloroformed fluid had passed into the heart. 
The rate of flow of fluid through the hearts employed was usually about 1 cub. cent. 
per second, the lost time therefore between the turning of the CHCl, tap and the 
real entrance of the CHCl, solution into the heart was therefore usually about five 


seconds. 
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Dispositicn of apparatus. Oz, cylinder containing compressed oxygen, A, 10-litre flask containing 
modified Rincer’s solution ; B, 2-litre flask containing the modified Rincer’s solution in which a known 
quantity of chloroform 1s dissolved ; C, bottle preventing reflux of fluid into gas tap, etc. ; D, bottle con- 
taming same chioroform solution as B; E, thermometer in the water-bath W ; F, manometer, showing 
pressure of delivery of the solutions given to the aorta of the heart H; 1, 2, 3, three 3-way taps ; 
4, 5, clamps; Au, auricular recording lever ; Ve, ventricular recording lever ; X, diffuse pole of the 
amipolar faradization apparatus applied to the clamped tissue of the root of the lung ; G, standard support- 
mg the clamps which fix the isolated heart. ‘The CHCI3 signal records the moment of opening or closing 
ol tap 2. 


The contractions of the heart were recorded by attaching light writing levers 
to the auricle and ventricle, respectively. The threads were fixed to the heart by 
minute hooks made from the thin pins used by entomologists for pinning out small 
insects. The threads were in part of their length made of very narrow strips of 
thinnest gutta-percha sheet. This was found especially necessary for the auricular 
writing lever, the movement of contraction of the auricle being so quick as to other- 


wise lead to much deformation of the trace by the inertia of the lever. The levers 
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employed were straw, and were armed with writing points in the following way : A 
piece of capillary glass tubing was bent go" at three places, and one arm of it inserted 
into the cylinder of the straw so as to lie as if in a longish groove along it. A little 
piece of very fine wire was attached to the lower free-hanging end of the pen, and 
could be bent with tweezers, so that, by altering the centre of gravity, the tip of the 
pen could be made to press in any desired degree upon the blackened travelling paper. 

Electrodes upon a ball and socket joint were arranged so as to be applicable 
to the cardiac nerves. Arrangement was also made to faradize the heart wall. A 
diffuse electrode was fixed as a plate against the moist extra cardiac tissue above the 
base of the heart in the upper clamp ; the condensed pole was formed by a minute 
hook inserted into the ventricle in its upper third; a very thin wire brought this 
hook into the circuit. In both cases the electrodes were fed by an inductorium 
served by a Dantett cell ; the moment of application of the faradizing current was 
indicated on the graphic record automatically by an electro-magnetic signal. Time, 
either in second or in five-second intervals, was likewise automatically recorded. 

The fluid flowing from the heart was collected and measured when desired. 

The solution we employed throughout was the modification of Rincer’s 
solution devised by Dr. Locker.’ We should probably never have attempted to 
work upon the isolated mammalian heart had we not witnessed, at the International 
Congress of Physiologists at Turin, two years ago, Dr. Locker’s admirably successtul 
demonstration of the effect of glucose upon the ventricular beat of the isolated rabbit 
heart. We therefore adopted his modification of Rincer’s salt solution with some 
confidence that it might succeed in keeping active the heart of the cat, isolated under 
appropriate conditions. The cat is with us a much cheaper object of study than the 
rabbit, hence, since we desired a considerable number of observations, we preferred to 
employ it. The modified Rrncer’s solution has, in fact, fully answered our 
expectations. We have not added glucose to it, preferring for our initial observations 
to use the simplest solution possible. It, without the glucose, suffices to support, if 
duly oxygenated, the activity of the cat’s heart for the greater part of a working 
laboratory day. We refer to the solution as ‘ modified RinGer’s’ in the present 
Report, because by ‘ Locxe’s solution’ might be understood a glucose containing 
saline solution ; but, as a fact, itis Dr. LocKe’s solution that we have invariably used, 
omitting only from it the glucose. Locker’s modified Rincer’s solution has the 
following composition’ :—NaCl, o-g per cent. ; CaCl,, 0-024 per cent. ; KCl, 0-042 
per cent. ; NaHCO,, o-o1 per cent. in distilled water. 

The amounts of chloroform that were measured in preparing the dilute 
solutions were sometimes small. In the earlier experiments, these, as well as the 
larger doses, were measured by volume at the room temperature 14°-16° centigrade. 
For these measurements we employed a burette divided into hundredths of a cub. 


centimetre, provided with a stop-cock, and armed for delivery with the capillary 
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needle of a hypodermic injection syringe. In the later experiments the quantities of 
chloroform have been measured by weight. The transference of the chloroform 
solutions from vessel to vessel under agitation in air we have endeavoured, as 
much as possible, to avoid. Also any unnecessary exposure of the vapour to india- 
rubber. The tubing leading from B (Fig. 1) to the tap 2 (Fig. 1) was composed, as 
far as possible, of glass ; the cork of flask B was, however, of india-rubber. The 
oxygen gas introduced into flask B for expelling its fluid was in the later experiments 
led on its way to B through a layer of chloroform solution (in D, fig. 1) of the same 
dilution as that to be expelled ‘rom the reservoir B (Fig. 1). In these ways we tried 
to minimize the loss of chloroform that must to some extent occur from our prepared 
solution of it between its preparation and its actual entrance into the coronary vessels 
of the heart. 

In regard to the quantities of fluid perfused, these have in our experiments 
been large but variable. The pressure of the fluid as supplied in our experiments 
has varied little from experiment to experiment, and in each individual experiment 
hardly at all ; the pressures have throughout the series of experiments ranged from 
go mm. Hg., in some earlier, to 110 mm. Hg. in some of the earlier and in all the 
later experiments. It is possible that in some cases a portion of the fluid supplied 
has passed through incompetently acting aortic valve-flaps. The head of pressure 
being what it was, this, however, can have had no influence upon the coronary 
supply, except to make the readings of the quantities perfused through the coronary 
system larger than the real quantities perfused. The effect of this possibility upon 


the readings of the dosage as expressed—as we maintain it should not be expressed— 
by the mass of CHCl, administered to the heart in a given time, is to make our 


readings possibly higher than the quantities really administered to the cardiac muscle. 


LITERATURE 


The literature concerning the effect of chloroform on the heart is very large. 


We propose to reserve dealing with it until the occasion of our fuller report. 

The perfusion of the isolated heart with fluids containing chloroform has been frequently 
practised on the isolated frog’s heart. On the mammalian heart so perfused there is an isolated and 
incidental observation by Hepsom+ in this paper on the action of drugs on the mammalian heart. 
But in his single observation the chloroform was added to blood already containing chloral, and was 
administered to a heart previously dosed with coffein ; moreover, the dilution of the chloroform is not 
mentioned. At the time of our first communication to the Committee no other record than the above- 
mentioned by Hrpsom had appeared. Since then, however, a preliminary communication ‘On the 
action of chloroform, ether, alcohol, and acetone upon the excised mammalian heart’5 has been made 


by Professor ‘TuNnNICLIFFE and Dr. Rosenueim to the Physiological Society. 


RESULTS 


The action of CHCl, on the heart, as studied in our experiments, may be 
described briefly separately for each degree of its dilution that we have employed. 
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I. 31,500 morMs. CHCl, per Lirre or Mopiriep Rincer’s SoLuTion 


(CHCYL, in -15 per cent. dilution) 


This solution administered for thirty seconds abolished, in less than twenty 
seconds, the beat both of auricle and ventricle. But, on replacing the chloroform solution 
by pure saline, the beat was subsequently completely recovered in both, in auricle 
slightly earlier than in ventricle. The ventricle recommenced beating about seventy- 
eight seconds after the CHC], mixture had been discontinued ; its recovery was abrupt in 
the sense that its very first beat was of considerable extent and power. The recovery 
of the auricular beat began more gradually. 

Permanent abolition of the beat of the ventricle resulted from perfusion of 
tnis solution for sixty seconds; fibrillar contractions of the ventricle were all that 
subsequently were obtainable. But the auricle recommenced beating regularly 
seventy-five seconds after the end of the one minute’s CHCl, perfusion, and was of 
normal extent and vigour 125 seconds later. 

The resistance of the auricle-muscle to CHCl, in these high percentages 
appears much greater than is that of the ventricular. Perfusion with this ‘oo1 solution 
for even sixty seconds, although completely and permanently annulling the ventricular 
beat, makes no permanent impression upon that of the auricle. The auricle began to 
show recovery about seventy-five seconds after cessation of the administrations of this 
CHCl, solution, whether the solution had been perfusing it for one, two, three, or 
five minutes, respectively. 


I]. 750 mcrms. CHCl, per Lirre Moopiriep RinGER’s SOLUTION 


(CHCY, in -075 per cent. dilution) 


This strength of solution almost immediately (in less than thirty seconds) 
extinguished the beat of both auricle and ventricle. As to subsequent recovery, in 
one heart both auricle and ventricle recovered completely subsequent to a continuous 
administration of the solution for five minutes ; but the ventricle of the same heart 
completely succumbed to continuous administration of the solution for nine minutes, 
only fibrillar twitchings appearing in it subsequently. In another heart, administra- 
tion of the same strength of solution for 305 seconds (Fig. 2) permanently 
destroyed the ventricular beat. In a third heart, the same strength of solution 
stopped the ventricular beat irrecoverably by one minute’s perfusion, fibrillar twitchings 
being all that could be subsequently obtained. 

In all these three hearts the auricle showed itself much more able to recover 
from CHCl, than did the ventricle. Even after nine minutes’ perfusion with the 
solution the auricle recovered, although, to do so, it requires an interval of more 
than fifteen minutes’ perfusion with the oxygented Rincer’s solution. 

With shorter periods of administration of the CHCl, solution, the auricle had 


usually been beating for fifty seconds to sixty seconds before the ventricle recommenced. 
L 
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The return of beat of the ventricle was usually abrupt, suddenly bursting out in 
almost its full vigour. The beat of the ventricle was also often arrested five seconds 


to ten seconds earlier than that of the auricle. 


III. 300 Morus. CHCl, per Lirre Moprriep Rincer’s SoLution 
(CHCI, in -03 per cent. dilution) 

This strength of solution in every case practically extinguished the beat both 
of auricle and ventricle in thirty seconds from commencement of its administration to 
the heart. But complete recovery both of ventricle and auricle was obtained in every 
case. The recovery was complete and rapid, even after continuous exhibition of the 
drug for eighteen minutes. Two types of recovery seemed distinguishable. With 
CHCl, solutions of ‘ooo1, or less, the beat recommences within about fifteen seconds 
from discontinuance of the administration. With the strength of solution now under 
consideration, namely, -o0o02 CHCL, in one form of recovery, about seventy seconds 
elapse before any sign of beat, and full recovery is not reached until from three 
minutes to four minutes have elapsed, and there is merely a gradual return to, and not 
beyond, the force and excursion obtaining prior to the exhibition of the CHCl, solution. 
A second type of recovery is characterized by much speedier return to a strength of beat 
in excess of that originally obtaining. In this type the returning beat becomes obvious 
fifteen seconds to twenty seconds after cessation of the administration of the CHCL,, 
and fifteen seconds to twenty seconds later the heart beats far more vigorously than before 
the chloroformization, showing periods of distinct acceleration as well as augmentation 
of beat. Some excitation of the augmentor-accelerator nerves of the heart is suggested. 
Those nerves, as 1s shown later in this report, are not paralysed by considerable 
depths of CHCl, action. This type of recovery seems to occur especially frequently 


after prolonged administration of CHIC: 


IV. 150 morms. CHCl, per Lrrre Moprriep RincER’s SoLuTIon 
(CHCI, in :015§ per cent. dilution) 
(Figs. 3, 4 and 5) 

With this strength of solution the amount of reduction of the activity of the 
auricle, as measured by reduction of the excursion of its recording lever, varied from 
83 per cent. (reduction) to complete abolition (temporary). The mean reduction ot 
the auricle beat was g6°9 per cent. for twenty-one observations on six hearts. 

The mean reduction of the ventricle beat as similarly measured for the same 
six hearts was 97°6 per cent. 

The full effect of the CHCl, solution was evident in about eighty seconds. 
Recovery was rapid and complete, both in auricle and in ventricle, in all cases. The 
beat began to improve within fifteen seconds of discontinuance of CHC, perfusion, 
and recovery was complete about seventy-five seconds later. This held good even 
after prolonged perfusion, in one instance for more than ten minutes, in another for 


twenty minutes, continuous duration. (Fig. 5.) 
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The frequency and regularity of the beat was usually quite unaffected both in 


auricle and ventricle, even when the beat was reduced nearly to extinction. 


V. 75 mormMs. CHCl, per Lirre Mopiriep Rincer’s SoLuTion 
(CHCI, in -0075 per cent. dilution) 
(Fig. 6) 

Under perfusion with this solution the amount of weakening of the auricle’s 
beat varied in different observations between 64 per cent. reduction and _ practical 
abolition (temporary) ; the mean reduction in the cases observed was 79 per cent. 

The mean reduction of the ventricle’s beat was 86°7 per cent. 

The solution usually took about fifty seconds to produce its full effect. 
Recovery was both in auricle and ventricle in all cases rapid and complete, even atter 
prolonged perfusion with the solution, in one instance for twenty-two minutes 
forty seconds, during which time 1,809 cub. cent. of the CHCl, solution had 
flowed continuously through the coronary circulation. In this very instance both 
auricle and ventricle were beating fully normally within eighty seconds from the 
moment of discontinuance of the CHCl, solution. 


3 


The frequency of the rhythm of the beat remained quite unaltered by the 


CHCl, administration. 


VI. 50 morms. CHCl, per Lirre Mopiriep RinceEr’s SoLtution 
(CHCl, in -oo5 per cent. dilution) 
(Figs. 7 and 8) 


Under this strength of CHCl, solution the weakening of the beat of the 
auricle varied from 30 per cent. reduction at outset of observations on Heart 20 
to 89 per cent. reduction in the later observations made on Heart 21. The 
average reductions in Hearts 5, 6, and 21 were 71°I per cent., 75 per cent. and 
74 per cent., respectively, but in Heart 20 it was only 30 per cent. In the other 
hearts administration of the solution for forty seconds sufficed to cause a weakening 
of 50 percent. The recovery of the auricle was always rapid and complete. 

The weakening of the ventricle was in every case greater than that of 
the auricle, ranging from reduction of the amplitude of beat by 39 per cent. 
at outset of experiments on Heart 20 to extinction of the beat (temporarily) in Heart 5. 
In this latter heart, perfusion with the CHCl, solution for forty seconds sufficed to 
abolish (temporarily) the beat of the ventricle. But the ventricular beat neverthe- 
less returned rapidly and completely after perfusion continued five times as long as 
that. Three-minute doses of this solution caused progressively rather more and 
more severe effects, as repeated, while the experiment proceeded. 

The frequency of beat during the administration was never seen to alter 


from the rate obtaining when the chloroformization commenced. 
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VII. 38 morms. CHCl, per Lirre Mopiriep Rincer’s SoLution 
(CHCY, in :0038 per cent. dilution) 

Under perfusion of this strength of CHCl, solution through the coronary 
system the beat of the auricle suffered a reduction varying from 30 per cent. to 
75 per cent. in five observations. The mean value of the reduction was 55 per 
cent. This estimate does not include the observations in Heart 19, an irregularly 
beating heart, in which the weakening by the solution amounted to certainly more 
than 70 per cent. In none of the hearts used was the auricular beat ever 
extinguished even temporarily by this solution. 

The average weakening of the ventricular beat was 96 per cent., and it 
was usually extinguished altogether (temporarily). 

Recovery was invariably rapid and complete, both in auricle and ventricle. 
Even when the perfusion of the CHCl, was continuously maintained for ten minutes 
the recovery on its discontinuance was prompt and complete. The heart thirty 
seconds after the discontinuance was beating as well as prior to the chloroformization. 

When the exhibition of the drug in this strength of solution was prolonged 
it was noticed that the ventricle beat improved somewhat in the latter part of the 
administration upon what it was during the first few minutes of the perfusion ; for 
instance, it would be visibly beating in the tenth minute, although without visible 


beat in the third minute. 


VU. 30 mcrms. CHCl, per Lirre Mopirrep Rincer’s SoLuTion 
(CHCY, in -003 per cent. dilution) 


Under perfusion of its coronary system, with this strength CHCl, solution, 
the mammalian heart showed a weakening of the auricular beat, as measured by 
amount of reduction of excursion of the recording lever, varying from 45 per cent. 
(Heart 29) to 85 per cent. (Heart 30). In one and the same heart it varied con- 
siderably, thus, from 28 per cent. at outset in Heart 28 to 62 per cent. later during 
the experiment. The reduction of amplitude of beat in twenty-one observations on 
five hearts averaged 66°8 per cent. The weakening did not occur so rapidly in the 
auricle as in the ventricle. 

The degree of impairment of the ventricle’s beat varied even more than that 
of the auricle, i.e., from 15 per cent. to 95 per cent. The mean reduction in 
nineteen observations on the ventricles of four hearts was g1°7 per cent. The 
amount of reduction did not vary so widely in successive observations on the same 
individual heart as for observations on different hearts. The beat of the ventricle 
was in four observations (Heart 8) extinguished (temporarily) by this strength of 
CHC, solution. 

The duration of the dose with this solution was varied from forty-five 
seconds up to ten minutes. Sometimes weakening of the ventricle beat became 
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VI.—Heart 5, Observation 6. Perfusion of the CHCl, solution discontinued ; Recovery of Auricle and Ventricle. 
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obvious in five seconds from the admission of CHCl, fluid to the heart. The full 
effect vas always reached in the second minute of administration, or sooner. The 
heart would not infrequently be beating better at end of the fifth or tenth minute 
than at end of the first minute, e.g., Heart 28, observation 5. Even by end of 
the third minute of administration the beat is sometimes distinctly stronger than at 
end of the second minute. 

Recovery was always rapid and complete, beginning a few seconds after 
cessation of the administration and becoming complete in two to four minutes. 

The frequency of rate of beat remained unaffected by the exhibition of the 
CHC, solution—thus, even when the beat was reduced in excursion by g§ per cent., 
the frequency remained absolutely the same. When, as was twice the case, the heart 
was beating in groups, the phasic groups continued unaltered in period, although 
each number of the series of contractions was reduced in the same proportion as 


were the other members. (Fig. 13). 


IX. 20 morms. CHCl, per Lirre Mopiriep Rincer’s Fiurp 
(CHCY, in 002 per cent. dilution) 

This strength of chloroform solution we have employed in the instance of one 
heart only. The beat of the auricle was, as a mean of six observations, reduced in 
amplitude by 36 per cent.; that of the ventricle by 33 per cent. The cessation of 
exhibition of the drug, even when it had been perfused for five minutes continuously, 
was always followed by rapid and full recovery. The utmost (temporary) reduction 
of the auricle was 48 per cent., of the ventricle 50 per cent. ; the least reduction of 
the auricle was 27 per cent., of the ventricle 28 per cent. The chloroform caused 


no alteration in the frequence or regularity of the rhythm of the beat. 


X. 19 mMGRMs. CHCl, per Lirre Moprirrep Rincer’s SoLuTion 
(CHCI, in -o01g per cent. dilution) 

With this strength of solution we have observations on one heart only, a dog’s 
heart. The beat of the auricle alone was recorded. The weakening of the beat, as 
estimated by the reduction of the excursion of the recording lever, amounted to 69 
per cent. The full effect of the drug was obtained in about seventy-five seconds 
from commencement of the administration. When the administration was prolonged, 
e.g., to ten minutes, the heart was rather less affected toward the end of the dose than 
at the beginning of the dose. 


XI. 15 Morus. CHCl, per Lirre Moprrrep RinGer’s SoLurion 
(CHCY, in 0015 per cent. dilution) 
(Fig. 9) 
The auricular beat was always obviously weakened. The degree of weaken- 


ing, as indicated by reduction of the amplitude of the excursion of the recording 
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lever, varied between 10 per cent. and 50 per cent. The average weakening in seven 
observations on three hearts was 30°5 per cent. Recovery was always rapid, be- 
ginning a few seconds after cessation of the administration and reaching completion 
in from ninety seconds to four minutes. 

The ventricular beat was likewise also obviously weakened. The reduction 
of the beat varied trom 26 per cent. to 49 per cent. ; it averaged in three hearts 38 
per cent. The weakening began within ten seconds of commencement of administra- 
tion, and obtained full effect in seventy seconds. It tended to diminish as time went 
on, being less marked at end of the seventh minute than at end of the second 
minute of administration, 

In Heart 30 the effect of this strength of CHCl, solution was compared with 
that of a solution of twice the concentration on the same heart, the weaker solution 
being administered first. The weaker solution reduced the auricle beat by 30°3 per 
cent. (mean of three observations), the ventricle beat by 26 per cent. ; the stronger 
solution reduced the auricle beat by 85:2 per cent. (mean of three observations). 
Recovery began about as soon after withdrawal of the stronger as after withdrawal of 
the weaker solution; but the completion of the recovery took longer for the former. . 

The frequency of rate of beat was not affected by the exhibition of the CHC], 
solution. 


XII. 10 merms. CHCl, per Lirre Mopirrep RrincER’s SOLUTION 
(CHCI, in ‘oot per cent. dilution) (1 in 150,000 by volume ) 
(Ris. 10)" 

With this strength of solution, only a small reduction of the activity of either 
auricle or ventricle was observed. We have employed it in the case of two hearts. 
In ten observations on these two hearts the average reduction in amplitude of the 
excursion of the lever recording the ventricular beat was 21°7 per cent. ; the aver- 
age reduction of the auricular beat was more, but in these two hearts the auricular 
record was not very satisfactory. There was usually a very slight increase in amplitude 
of the ventricular beat, just at outset of the exhibition of the drug. Recovery was full, 
but not obviously more rapid than after stronger solution. There was no alteration 
in the frequence or regularity of the cardiac rhythm. . An illustration of the effect of 
this strength of chloroform solution is given in Fig. ro. 


With weaker solutions of chloroform than this last we have not worked. 


PERFUSIONS WITH: LockE’s FLUID 


We have made comparatively few perfusions with Locker’s fluid. The 
observations are at present insufficient to generalize upon. The fluid maintains the 
heart better than does Rincer’s fluid, and as a vehicle for chloroform amounts from 
the physico-chemical point of view to practically the same thing as the ‘ RINGER.’ 
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The amplitude of the heart’s beat has in these perfusions been as a fact somewhat less 
reduced than with corresponding dosage exhibited in ‘Rincer.’ The results are 


given in Table XII]. 


INFLUENCE OF TEMPERATURE 


We have been careful to note the temperature of the fluid entering the 
coronary system. We have performed control observations on the effect on the 
beating of the heart of gradual and of more sudden variations of temperature in the 
fluid supplied to the heart. As to the former, the exhaustive enquiries by Newett 
Martin (6 and 2) and by Lancenporrr (7) stand. So definite a quickening of the 
cardiac rhythm follows pari persen, with gradual raising of its temperature, that 
Newe tt Martin formulated a numerical law correlating the two. LancGenporrF in 
result of his own researches modifies Newer, Marrin’s ratio. 

Our observations on the effect of CHCl, solutions on the heart were con- 
ducted between 34°C. and 38°C. We find from our control experiments that the 
slight variations in temperature occurring in our individual CHCl, experiments do not 
confuse the issues raised and studied in those experiments. 

It is the slight rapid changes that have required guarding against by us, 
namely, when one or other solution was first turned on. This source of error is 
avoided by the 3-way taps. The tap has been turned so as to discharge by the side 
path any fluid that has lain in the short tubing outside the water bath (though jacketed 
in cotton wool). Our aortic thermometer has shown us that by this means we have 
usually avoided even slight alterations of temperature. The readings of the 
thermometer have been always recorded. Such control experiments as we have made 
on this point show that the influence of the more sudden slight changes is of the 
same order as the considerably more gradual changes which we have also made 
observations upon, the effects of which were recorded by Newer, Martin and 
LancpenporFF. In our fuller report we shall furnish further evidence to this 
effect. 


EXcITATION OF THE Carprac NERVES 


The cardiac nerves, lying in front of the root of the lung, were faradized, 
and their effect on the isolated heart recorded on many occasions. Typical vago- 
inhibitory effects on the auricle, and also on the ventricle, were almost uniformly 
obtained. The inhibitory effect was more marked on auricle than on ventricle. 
(Fig. 11). It was usually succeeded by very marked augmento-accelerator action, last- 
ing many seconds, or even some minutes. 

Chloroformization does not easily abolish these effects of stimulation. When 
the contractions were deeply reduced, almost to extinction, by the CHCl, perfusion, 
stimulation of the cardiac nerve would still cause slowing frequency-rate or diastolic 


standstill ; this was followed often by marked augmentation or acceleration, or both. 


80 THOMPSON. YATES AND JOHNSTON LABORATORIES REPORT 


When the beat had been reduced by the CHCI, solution to extinction, to observe any 
inhibitory effect, of course, became impossible, but on faradizing the cardiac nerve 
striking augmento-accelerator effects were often observed. In some cases the heart, 
when it had been rendered flaccid and motionless by the CHCI, perfusion, was, by a 
brief faradization of the cardiac nerve, at once thrown into vigorous action, and 
remained so for a couple of minutes or so, in spite of continued administration of 
the CHC, solution all the time. Fig. 12 illustrates this. CHCl, in -o02 per cent. 
had been already administered to the heart for ninety-five seconds, and the beat of the 
ventricle had entirely ceased from the first minute, when cardiae nerve was stimulated 
for fifteen seconds. In seven seconds from commencement of the stimulation the 
ventricle, although there was no remission of the CHCl, administration, recommenced 
beating. It soon attained an extraordinary force and frequency. It continued to 
beat for about 100 seconds, giving a series of 196 beats, in spite of the unremitted 


continued perfusion with the CHCl solution. 


InFLuEeNcE oF Duration oF Exuisition or THE CHCl, Sotution 

A notable feature of the action of CHCl, in dilute solution on the isolated 
mammalian heart is absence of all cumulative ageravation. ‘The solution produces 
its full effect in a comparatively few seconds, e¢.g., seventy seconds after reaching the 
coronary system. Further prolongation of the administration does not render the 
depression more profound, but merely maintains it. On the discontinuance of the 
administration the effect passes off at once, in almost as few seconds as it took for 
its establishment. 

With strong CHCl, solutions the duration of the administration does, no doubt, 
ageravate the depression of vitality. Thus with one per thousand CHC, solution 
the heart that is not killed by perfusion for thirty seconds is killed by perfusion for 
sixty seconds. But these strong solutions do not come within the scope of thera- 
peutic enquiry. Of moderate and weak solutions it may be confidently asserted that 
on the isolated mammalian heart their influence is marked by absence of cumulative 
effect. In some of our observations we have kept the chloroform solution, even in 
the strength of 150 mgrms. per litre of the Rincer’s solution (ie., CHGipin-ong 
per cent. dilution) flowing continuously through the blood-vessels of the heart for 
twenty minutes at a time. Even over such periods as these no cumulative effect has 
been obvious ; indeed, the depression of the heart’s beat has been slightly less at the 
end than at the outset of that time (<ee following paragraph), and on replacing the 
chloroform solution by the pure RtncGer’s solution the recovery of the cardiac activity 
to its full previous degree has occurred absolutely promptly. For instance, in 
fifty seconds after replacement of the chloroform solution by the unchloroformed 
solution the heart has been beating as vigorously as it had been prior to the exhibition 
of the drug, and in spite of its forced abeyance for twenty minutes under the action 
of the drug. 


PLATE VI (1) 


‘BET “WU gO = aNssai yf 
‘saqnurtt om} Jo} (atunjoa Aq CoofOS 1 ul 1) UONIOS sso8ury paytpour avy] sod “Bur or OHO Sf yuway sarg “b uonrasssqg “6 ieay]— TK 


Ol ‘org 


~~ DD : -y aM ONO lags; msn & . 
piGs _ Os ae) 0 7 nf D4 dv} "HO 
ey Ae Aye si | 1og [eUsIS 


4 . : in i hi ay yy | 


atria hath tet HAT ay 


*sdas $ ur aUIT], 


=—=—_ 


SS 


| 


»y 


| 


SSS 
LL S>>= 
SS== 


FLATE VI (J) 


CAA nde. Stn. 3 


Fic. 11 


Heart 31, Observation 3. 


Cat’s Heart perfused with modified Ringer’s solution ; Precardiac Nerve 


stimulated for twelve seconds. 
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A second point of interest is the following. During the continuance of a 
prolonged administration to the heart of a weak or moderately strong CHCI, solution, 
the heart seems to become gradually less and less susceptible to the dose that is being 
employed. A kind of temporary and partial immunity seems to become established. 
This is exemplified by many of our tracings. We append pieces from two such 
tracings, Hearts 24 and 26 (Figs. 4 and 5). The apparent wearing off of the effect 
is not due to any real decrease in the strength of the solution. The same solution, 
that at end of a prolonged administration was not depressing the cardiac activity 
so potently as it had done at the outset of the observation, on being, after a brief 
pause, readmitted to the heart, immediately acted as potently as at outset once 
more. We have been accustomed to denote this for convenience in the laboratory 
as ‘immunity ;” but the relative unsusceptibility thus attained was very short 


lasting. 


Exciratory ACTION OF CHLOROFORM 


Especially with stronger solutions of the drug, it was usual for the first effect 
of the administration to be a distinct though slight increase in amplitude of both auri- 
cular and ventricular contractions. The fact that strong solutions left as an after effect 
on the ventricle a condition of inco-ordinate fibrillar convulsion likewise suggests an 
irritative excitatory effect of such doses of the drug. 

After cessation of the administration of the drug in moderate dose it was not 
unusual for the recovery of the beat to pass over for a short time into a condition of 
super-activity. Many of our tracings illustrate this. We were at first inclined to 
attribute this to some slight asphyxia of the cardiac tissue. Control observations 
with boiled-out modified Rrncer’s solution, administered under nitrogen pressure, 
showed, however, that the after effect of the CHCl, solution cannot be clearly and 
simply explained by asphyxia. Moreover, our CHCl, solutions were as oxygenated 
and delivered under the same oxygen pressure as were our chloroform-free solutions. 
It may, however, be that under the action of the chloroform the tissue allows an 
accumulation of waste products that it excretes freely in its unchloroformed condition, 
and that these effete decomposition products make an excitatory effect which they can 
exert on the tissue patent after disappearance of the chloroform depression. 

A similar condition might explain the gradual reduction in the depressant 
effect of a constantly-maintained strength of CHCl, solution continuously exhibited 
to the tissue over a period of several minutes duration, e.g., five to twenty minutes. 
This reduction does, as stated and illustrated above, actually occur. 

We have repeatedly noticed that the amount of perfused solution passing 
through the coronary circulation per unit time considerably diminishes soon after the 
CHC, containing solution has replaced the CHCl, free solution. Since the pressure 


and temperature of the solutions supplied was the same in both cases, the diminution 
M 
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of flow indicates a vasoconstrictor action by the CHCl, on the cardiac vessels ; for 
the difference was so great as to be inexplicable by the loss of the power of the cardiac 
contractions or by a slight increase in the viscosity of the solution. [Subsequent to the 


printing of this paragraph of our Report to the Committee there has appeared a note by 
Professor ScHarer and Dr. ScHarties® on the action of chloroform on the blood- 
vessels, from which it is clear that chloroform causes contraction of blood-vessels 


through which it is perfused ]. | 


ALTERATION IN FREQUENCE OF THE Beat-RatE | 


As several times mentioned above, we have remarked, with surprise, the usual 
absence of any alteration of frequence or rhythm of beat-rate in the isolated mam- 
malian heart, perfused with dilute chloroform solution. Certainly, in most cases, the 
heart-beat in our experiments has suffered reduction in its amplitude in degree varying 
with the concentration of the chloroform, without suffering any appreciable change in 
beat-rate either as to frequence or to rhythm. But we have not yet measured out 


our curves sufficiently to say that diminution of frequence does never occur. 
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Fig. 13. Cat’s heart. Experiment 27, observation 1. CHCl, one part in 50,000 of modified Rincer’s 
fluid ; 78 c.c. perfused in one minute ten seconds. 


PLATE VI (K) 


‘uolnos sasuny ur (coofo$ url 1) WoesruruUpe 
{HO Suinp oon Seipsvooig jo uonrnwnys Aq javay Jo uo yeyOsnsoy +g UONeATOSGG ‘8 MvaAH—'TITA 


cl ‘Old 


23-9 a ee 15.0.6 


c 


-talevelgg halal isteietetatntale ale 


{ EO NSA 
LEER me ij» REE Ae hi 


/ 


*]eusis 
uonepNUIs 


"eusis “1OHO 


‘sodas $ ul au, 


DOSAGE OF THE MAMMALIAN HEART BY CHLOROFORM 83 


How little, if at all, the cardiac rhythm is affected by CHCl, is shown well if 
the heart beats in groups. The amplitude of the individual beats is chiefly determined 
by the length of the preceding diastole.* If that be short the following beat is less 
ample, if long more ample. Under CHCl, the group-form persists practically 
unchanged (cf. Fig. 13). In some cases, however, CHCl, sets aside a pre-existing 


irregularity manifest as group beats. 


Tue Dosace For THE HEART 


It is the concentration of the CHCl, in the perfused solution which seems to 
practically alone decide the depth of the depression of activity produced. Mere con- 
tinuance of administration of fresh quantities of the drug does not, if the fresh 
quantities do not involve greater concentrations than those already employed, 
aggravate the paralysant action further. In our experiments such high strengths of 
chloroform as 150 mgrms. per litre diluting fluid (‘015 per cent. CHCI,) have perfused 
the whole coronary system uninterruptedly for twenty minutes at a time without, in 
all that time, producing the slightest aggravation of the cardiac depression established 
initially in the first ninety seconds. The gradation of the action of the drug seems 
therefore a function of its tension in the solvent. The results of our dosage experi- 
ments suggest that the cardiac tissue exposed toa fluid of a certain CHCl, pressure 
takes up almost at once a certain quantity, and that further continued exhibition of 
the drug under the same tension does not lead to further relative absorption of it by 
the tissue. 

In recent years Dr. Water has demonstrated, more especially by galvano- 
metric records of the action-currents in isolated frog’s nerve, the arithmetic grading 
of the depth of chloroform narcosis obtainable by definite grading of the admixtures of 
CHCI, with the air of the moist chamber containing the nerve. His presidential address 
to the Section of Physiology at the Montreal Meeting of the British Medical Association, 
1897 (Brit. Med. Journal, November 20, 1897), was largely devoted to this theme. In 
it he pointed out the close analogy between frog’s heart and frog’s nerve in their reaction 
to various anaesthetics. Our results on CHCl], dosage in fluid supplied to the 
coronary circulation of the mammalian heart reveal just such a gradation as that found 
by Dr. Water in nerve treated by chloroform vapour. The possibility of such 
grading of depression by dosage is one on which Dr. Wat er? has often insisted as 
of practical importance. We are able to confirm it for the dosage of the isolated 
mammalian heart. 

A form of expressing the CHCl, dosage, less instructive than that of giving 
its solution concentration, but nevertheless usefully showing its power upon the heart, 
is to give the weight of CHCL, which reduces the heart beat by a definite amount, 


* Cf. URIS: Woodworth, Amer. Jnl. of Physiology, 1902 
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when offered to it at a certain solution (osmotic) pressure. Thus, in our experiments, 
the beat of Heart 8 was reduced by g2 per cent. by administration to it of 1°4 milli- 
grammes of CHCI, offered to it as a 003 per cent. solution (in Rincer’s fluid), that is, 
under a solution pressure (assuming CHC, to be a perfect monomolecular gas) of 
4°79 mm. Hg., at temperature 37° C. Stated in amounts calculated per gramme 
of heart tissue (Heart 8 weighs 12°19 grammes), o'114 milligrammes per gramme 
cardiac tissue offered under that pressure practically annulled the heart’s action. In 
other words, about 300 cub. cent. of a 2 per cent. admixture of chloroform with air 
administered to an adult man, if its chloroform all reached the heart, and reached it 
under the above solution pressure, would, for the time being, practically annul cardiac 
action. 

The above figure is given because it may serve to indicate the sensitiveness 
of the mammalian heart to chloroform. The practical problem requires many more 
data than we possess at present before it can be completely dealt with. Of chloro- 
form inhaled, what portion enters the coronary blood-vessels? What tension of 
chloroform in air inhaled will, through the pulmonary membrane, charge the blood 
so as to give therein an osmotic pressure of 5°01 mm. Hg., as in a Rincer’s fluid 
containing 30 mgrms. CHCl, per litre? From Mr. Vernon Harcourt’s data, 
furnished in last year’s Report of the Committee* (Appendices, paper I, pp. 15, 16), 
chloroform in such a dilution in water at 37° C. would have a vapour tension of 
‘55mm. Hg. In the modified Rincer’s solution we have used for perfusion, it 
may be supposed that the tension would not be appreciably different from that in 
water. But the tension of chioroform or any dilution with blood is certainly 
less—probably far less—than for the same dilution with Rincer’s fluid. The 
experiments of Pout, Harcourt, and We ts all indicate this. If the physiological 
activity of the chloroform is graded by its solution (osmotic) pressure, as we infer it 
is, observations easily made indicate that for the same dilution that pressure is much 
lower in blood than in Rinczr’s fluid. We find, for instance, tadpoles much more 
speedily paralysed by chloroform exhibited in Rincer’s fluid than in blood. 

Our observations were carried out as follows:—Into two similar shallow glass dishes, provided with 
glass covers, equal quantities of equal dilutions of CHCl, in Rincer and in defibrinated blood (pig), 
respectively, are placed—the CHCl, in ‘ Rincer’ into one vessel, that in blood into the other. Two 
tadpoles are chosen similar in size and development. One (A) is placed in the one vessel, the other (B) 
in the other. Both A and B swim about freely, and gradually show signs of decreasing vigour and 
activity. ‘lhe time taken for A and B respectively to become motionless and irresponsive when touched 
is noted. The chloroformed animal is, as soon as paralysed, at once removed to fresh water ; the time 
is then noted which is required for it to regain its motility. Both animals having been allowed to 
recover perfectly in the fresh water, both are then again put into the chloroform containing fluids, but A 
now into the fluid previously occupied by B, and vice versa. ‘The times of anaesthetization and 
subsequent recovery are then again observed for both A and B. The following are examples of such 


times :— 


* British Medical Journal, July 12, 1902 
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TADPOLES 
CHCl, 1°5 per thousand ‘modified Rincer’s solution,’ and CHCl], 1°5 per thousand defibrinated blood, 


unlaked (pig). (1 in 1,000 by volume). 


Chloroform in ‘ Ringer’ Chloroform in Blood 
Reflexes gone Recovery Reflexes gone | Recovery 
i] | 
5° secs. 8 mins. 4 mins. 5° SECS... | 5 mins. 
| | 


CHCl, °75 per thousand ‘modified Rincer’s fluid,’ and CHCl, °75 per thousand defibrinated blood, 
unlaked (pig). (1 in 2,000 by volume). 


Chloroform in ‘ Ringer’ Chloroform in Blood 
Reflexes gone Recovery Reflexes gone Recovery 
Tadpole A | 2 mins. 30 secs. | 2 mins. 25 secs. | Tadpole B 4 mins. revives at once 
| (begins) (not fully narco- 
tized) 
3 B | 2 mins. I§ secs. 4—5 mins eA. 7 mins. revives at once 
hardly narcotized 


CHCI, °75 per mille ‘modified Rincer’s fluid,’ compared with CHCI 1°5 per mille defibrinated blood, 
unlaked (pig). 


Chloroform in ‘ Ringer’ Chloroform in Blood 


Reflexes gone Recovery Reflexes gone Recovery 


Tadpole E | 1 min. 40 secs. | 3 mins. 2§ secs. | Tadpole F | 1 min. 25 secs. | 3 mins. 


PP ae ames 215. Ryser ee asa LG. ome, 33 E}rt 4, 15 4, | 40 secs. (begins) 
ma ae Gaal) Te est SOo sss. |c2s! B58 eye eleie2. I min. A 
” H 2 9 fe) ” 3 ” ” G I ” 55 99 30 Secs. ” 


The solution of chloroform 1°5 per mille in blood was made by adding 20 c.c. of 5 per 
mille solution of CHC), in ‘ modified Rincrr,’ to 80 c.c. of the fresh defibrinated blood. 


It is thus seen that the physiological effect of chloroform in Rincer’s fluid is 
much greater than that of the same percentage of chloroform in blood. As tested on 
tadpoles, CHCI, in °75 per mille dilution in Rincer’s fluid is as powerfully narcotic 
as twice that percentage offered, not in Rrincer’s fluid but in slightly diluted blood. 
Were the blood quite undiluted, the contrast would presumably be stronger still. 
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MamMMatLian Heart Perfused witH DiLurep BLoop ContTaINING IO00 MGRMS. 
OF CHLOROFORM PER LITRE 


An experiment in which the heart was perfused with diluted blood showed 
the CHCl, to be much less potent in this medium than in ‘ modified Rrncegr’s solu- 
tion.” Ata strength of 1 in 10,000 by weight or 100 mgrms. to a litre, the ventricle’s 
beat was reduced by 30 per cent. in Odservation 1, by 32 per cent. in Observation 2. 
The reduction which we should expect a similar dilution of chloroform in modified 
RinGer’s fluid to produce, would be between 80 per cent. and go per cent. of the 
ventricular beat. The amounts perfused were: Odservation 1, 9°5 c.c. in one minute 
fifty seconds, Odservation 2, 10 c.c. in three minutes twelve seconds. The blood 
was diluted with an equal volume of Locke’s solution. 


OBSERVATIONS ON THE Human HeEarr 


In two instances we have had opportuity to examine CHCl, dosage for the 
isolated human heart. In the first case, observations were commenced six hours post- 
mortem ; in the second, a still-born child, three hours after delivery. The fluid per- 
fused was, in the former case, ‘ modified RinceR,’ in the latter, ‘ Locke’s solution.’ 
With a strength of CHCl, solution of 100 mgrms. per litre (1 in 10,000), the reduc- 
tion (average) of the auricular beat was 76°5 per cent. ; of the ventricular was 92 per 


cent. The results were therefore quite in conformity with those given by the cat | 
hearts. Fig 14 shows one of the records obtained in the second of the above cases. 
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Fig. 14. Experiment 52. Observation3. Human heart perfused with CHCl, 100 mgrms. per litre, Locke’s solution. 
Time marked every fifth second. An interval of two-minutes between the end of Trace 1 and beginning of Trace 2 
CHCl, was perfused for eighty seconds. A, auricular beat; V, ventricular beat. 
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CoNCLUSION 


The conclusion seems unavoidable that the heart muscle rapidly takes up 
CHCI, offered to it in the vessels of its coronary system, and that the quantities it 
takes increase with increasing tension of the chloroform in the solution circulating 
through it. 

The osmotic pressure of CHCl, in a dilution of 1 in 100,000 of physio- 
logical saline is about 1°61 mm. Hg., at 37°C. This is the lowest chlorotorm 
tension we have worked with. With very strong solutions, such. as 1 per 1,000, 
toxic after effects complicate the simpler relationship which holds for moderate and 
weak solutions. 

Equilibrium is rapidly (e.g.,.in fifty seconds) established between the intra- 
muscular chloroform and the circulating or perfused chloroform. When that is 
established, further exhibition of the circulating chloroform leads to no further 
increase of chloroform paralysis of the tissue, provided the solution-tension 
of the circulating chloroform is~not altered. Indeed, if that solution-tension is 
maintained, but not increased, there gradually ensues in the course of minutes (e.g., 
ten to twenty minutes) a distinct diminution of the cardiac depression. Should, 
however, the solution-tension be altered, alteration in the depth of chloroform 
paralysis ensues in the sense that if the tension of CHCl, is increased, corresponding 
aggravation of the paralysis of the tissue immediately follows, while if the tension. of 
the circulating CHCl, be lessened, the paralysis of the tissue is immediately 
correspondingly diminished. The speed and completeness with which this recovery 
from. functional depression. follows -forthwith upon replacement of the chloroform 
containing fluid by fluid free from chloroform is a remarkable and characteristic 
feature of the action of chloroform on the heart in weak and moderate concentrations. 
It suggests that, in obedience to the direction of the gradient of osmotic pressures, 
the chloroform in the muscle passes back from the muscle into the fresh fluid supplied 
at zero chlorcform pressure. In this respect the chloroform behaves as though it 
were in solution in the muscle. Can this drug poison the muscle without entering 
into chemical combination with its substance ? Does it act as an anti-katalysator 
on the ferment processes which lie at root of the normal functional activity of the 
contracting tissue of the heart ? 

As to the question of differences of susceptibility to chloroform of different 
individual hearts, our observations indicate that such differences do occur in cats’ hearts. 
The differences have been especially obvious to us in our experiments with weak 
solutions. The degrees of the difference can be studied by references to the table of 
data appended to the report. 
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I. 1,500 McrMs. CHCl, per Lirre or Mopirrep R1InGER’s SOLUTION 
(CHCY, in +15 per cent. dilution) 
Quantity of ; ; 
No. of Heart |CHCl,solution ee er A. beat V. beat Recovery 
perfused 
Heart 32 :—| 
Obs. 3 «- BORG:c. 30 secs Stopped in 19 secs.) Stopped in 15 secs.| Full. A. begins to beat 
(after 25 beats) (after 21 beats) in 75 secs.; V.a few 
secs. later. 
Obs. 4 . jog} (exer 60 secs. Stopped within Stopped finally Full in the case of A., 
20 secs. beats commencing in 
75 secs.; V. shows 
only fibrillar contrac- 
tions 
Obsiaceaca| 710 C.c. 62 secs. do. Full in A. 
= . 
Obs. 6. E90 cc, | 2 mins. do. Fair in A. 
©bs: 7. ZAOG.c. . |) 3 mins: do. do. 
| : 
Obs. 8 ...| ? 5 mins. do. do. 
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Il. 750 Moros. CHCl, per Lirre or Moprirrep RrncEr’s SOLUTION 
(CHCY, in :075 per cent. dilution) 
Quantity of : . 
No. of Heart CHC, solution act pe of A. beat V. beat Recovery 
perfused 
Heart 22 :— 

Obs.:1 4...) “561¢.c: 50 secs. Stopped Stopped Full. A. begins in 30 
secs. ; V. begins in 1 
min. 40 secs. 

Obs. 2 78 c.c. |I min. 5 secs. do. do. Full. A. begins within 
35 secs.; V. begins 
within I min. 40 secs. 

Full. A. begins in 1 

Obs. 3...) 308 c.c. | 3 mins. do. do. min. 25 secs. ; V. be- 

20 secs. gins about I min. 
Full, in A. begins in 2 
Obsi4 ol) 955 5-C.c..) 5 mins. do. Stopped finally mins. I§ secs. 
5 secs. 
Heart 24 :— 
Obs. 4....| 40 c.c. I min. Stopped within Stopped within | Full in A.; V. shows 
30 secs. 30 secs. finally fibrillar contractions 
only 

Obs. 5 . 1go c.c. | 3 mins. do. Almost full in A., fibril- 

15 secs. lar contractions in V. 

Obs. 6 ...| 940 c.c. 20 mins. do. As before 

Heart 25 :— 

Obsei-.|) Oo cc: I min Stopped Stopped Full 

Obs. 2) =>. |)  70rcc. I min do. do. do. 

Obs. 3 .. ? 57 secs. do. do. do. 

Obs. 4 ..-| 975,.¢.¢. | |imin.-sisecs, do. do. do. 

Obs.15 ....| #280 ¢.c. 3 mins. do. do. do. 

Obs:6 s:2|' (440:¢.c. | 6 minsoto do. do. do. 

6 mins. 
Obs 7 3s-| 4:70%e.c. About do. Stopped finally Slight, after 15 mins. 


9 mins. 
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300 Moros. CHCl, per Lirre or Mopirtep RinGER’s SOLUTION 


(CHCI, in -03 per cent. dilution) 


Quantity of 


Duration of 


No. of Heart |CHCl,solution A A. beat V. beat Recovery 
perfused Soe 
Heart 23 :— 
Obs. 1... 52cc. | I min. Stopped within Stopped within Full. V. in 3 mins. 
8. secs. 30 secs. 50 secs, 
Obs. 2...| 155 c.c. 3 mins. As before As before Full. V. in 4 mins. 
Obs. 3...-| 260 c.c. 5 mins. do. do. Full. V. in 2 mins. 25 
secs. 
Obs. 4..+-| 660 c.c. 10 mins. do. do. Full. V. in 1 min. 15 
secs., beat less regular 
Obese) 30 (c-c. 5 mins. Stopped within Stopped in Full. V. in 1 min. 35 
25 secs. 85 secs. secs. 
Obs.0 =.:| 1,775 cc. | 18 mins. Stopped Stopped Full. V. in 40 secs. 
Heart 26 :-— 
Obs. 1...| 97 c.c. 57 secs. Almost stopped | Practically stopped Full 
Obs. 2...| 280 c.c. 3 mins. | Practically stopped do. Full. V. in 60 secs. 
Obs. 3... ? 16 mins. Stopped Stopped Full ultimately 
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IV. 150 mors. CHCl, per Litre ‘ Mopirrep Rincer’s’ Fiurip 
(CHCY, -01 § per cent. dilution) 
Quantity of sai F 
No. of Heart |CHC1, solution nee os A. beat reduced by V. beat reduced by Recovery 
perfused 
Heart 1 :— 
Obs. 1 ? 63 secs. 83 per cent. Practically stopped - Full 
Obs. 2 ? I min. 83 per cent. do. do. 
45 secs. 
Obs. 3 LISI) (exe 2 mins. 86 per cent. Stopped do. 
22 secs. 
Heart 24. :— 
Obs. 1 13 C.c. 3 mins. Stopped 98 per cent. Full. A. begins in 
about 30 secs. 
Oise 2 sol Hele) exe 5 mins. do. 99 per cent. As before 
Obs. 3 Ti OuCsCe 20 mins. do. Practically stopped, do. 
but regains 10 per 
cent.ofits initial value 
Heart 26 :— 
Obs. 4... 230 c.c. | 3 mins. Stopped Stopped Full 
Obs. 5... 800c.c. | 10 mins. | Practically stopped, | Practically stopped, do. 
15 secs. but a small beat re- | but regains 17 per 
turns -efore CHCl, | cent. of its value 
solution is turned off | before CHCl]; solu- 
tion is turned off 
Obs. 6...] 380 c.c. 7 mins. | Practically stopped | Practically stopped, do. 
but is beating again 
before CHCl, solu- 
tion is off 
Heart 29 :— | 
Obs. G....| W60lG.c.7, |/=37 mins. Stopped Stopped Full 
5 secs. 
Obs. 6...| 320 c.c. | 5 mins. do. do. do. 
5 secs. 


DOSAGE OF THE MAMMALIAN HEART BY CHLOROFORM 


1V— Continued 


93 


Quantity of Deak f 
No. of Heart |CHCl,solution TA gee A. beat reduced by V. beat reduced by Recovery 
perfused nae ' 
Heart 35 >— 
Obs. 1... ? 5 mins. 92 per cent. 8g per cent. Full 
10 sec. 
©bs3 2)... 2 mins. | Practically stopped 88°5 per cent. do. 
35 secs. 
Obs. 3 .-- 2 mins. do. 87 per cent. do. 
10 secs. 
Obs. 4 ... 45 secs. do. Practically stopped do. 
Obsis5) I min. do. do, Very imperfect, with 
35 secs. fibrillar contractions 
Heart 38 :— 
Obs. I... ? 42 secs. | Practically stopped | Practically stopped Full 
Obs. 2... I min. do. do. do. 
45 secs. 
Obs 32... I min. do. do. do. 
50 secs. 
Obs. 4 ... I min. do. do. do. 
38 secs. 
@bsicrs: 43 secs. Nearly stopped Nearly stopped do. 


Average reduction of A. 96:9 ; of V. 97°6 per cent. 
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V. 75 mors. CHCl, per Lirre or Mopiriep Rincer’s SOLUTION 
: Cae | 
(CHCY, in -0075 per cent. dilution) | 
Quantity of Due f 
No. of Heart | CHCl, solu- ee ane? A. beat reduced by V. beat reduced by Recovery 
tion perfused ak 
Heart 2 :— 
Obs. 1 ...| 1,800 c.c. | 22 mins. | 56 per cent.>> 34 per | 80 per cent.>> 67 per Full 
| 40 secs. cent. 64 per cent. cent. 
| 
Heart 16 :— 
Obs. 1 ...| 200 c.c. 3 mins. 87 per cent. 85 per cent. do. 
g secs. 
Obs. 2...) 280 cc. | 4 mins. Practically stopped go per cent. do. 
18 secs. 
Obs. 3 . 240 c.c. | 3 mins. do. Practically stopped do. 
g secs. 
Heart 18 :— 
Obs. 1 ...} 166 cc. | 3-mins. 88 per cent. | Not recorded do. 
5 secs, 
| | 
Heart 31 :— | 
Obs. 1 ...| 190 c.c. | 3. mins. | 85 per cent. > 66 per 97 per cent. > do. 
cent. 
ois, 2 ood|  lileve) texex 3 mins. | 70 per cent. > 62 per | 80 per cent. > 76 per do. 
3, secs. cent. cent. 


Average reduction, Heart 16, 3 obs.: A., 95°7 per cent.; V., 91°7 per cent. 
31, 2 obs.; A., 77°5 per cent.; V., 88°5 per cent. 


a2 ” oad 


Mean reduction in three hearts: A., 79 per cent. ; V., 86°7 per cent. 
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VI. 50 Moros. CHCl, per Lirre or Moprrrep RinGer’s SoLuTION 
(CHCY, in -005 per cent. dilution) 
Quantity of : - 
No. of Heart |CHCI, solution sae on A. beat reduced by V. beat reduced by Recovery 
pertused 
Heart 5 :— 
Obs. 2 ...| : 40 secs. 50 per cent. Stopped Full 
Obs. 3...) 110 c.c. | 2 mins. 73 per cent. do. do. 
32 secs. 
Obs. 4 G2uCsGs I min. 70 per cent. do. do. 
15 secs. 
Obs. 5 . 168 c.c. 3 mins. 88 per cent. do. do. 
RCZASECS, 
Obs. 6 ...) 100 c.c. I min. 75 per cent. do. do. 
57 secs. 
Heart 6 :— 
Obs, 1 ..:|| 105 c.c. 3 mins. 75 per cent. g2 per cent. 
Heart 20 :— 
Obs:.2 .s.| 163 c.c.. |/-2 mins. 29 per cent. 39 per cent. Full 
55 secs. 
Heart 21 :— | 
Obs. 1 ...| 167 c.c. 3 mins. “6+ per cent. 47 per cent. Full 
@bss2. <: Oye cic: 3 mins. 61 per cent. 82 per cent. do. 
| 5 secs. 
eee | ———_ ere 
Obs. 3 ... 87 c.c. 3 mins. 75 per cent. 83 per cent. do. 
Obs. 4 . 81 cc. 3 mins. - 69 per cent. 84 per cent.- do. 
Obs. 5 . go c.c. 3 mins. 87 per cent. 85 per cent. do. 
Obs. 6 ... O5.<c, 3 mins. 89 per cent. 77 per cent. do. 
4 secs. 


Average reduction, Heart 5, 5 obs. : 


” 7 
Mean reduction in 


” 


four hearts : 


A., 71°2 per cent. ; V., 100 per cent. 
21, 6 obs,: A., 74 per cent.; V., 76°3 per cent. 
A., 62°3 per cent. ; V., 76°8 per cent. 
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Vil: 


38 mcrMs. CHCl, per Lirre or Moprriep RinGER’s SOLUTION 


(CHCY, in'-0038 per cent. dilution) ~ 


Quantity of Duration of 
No. of Heart |CHC1, solution Ane A. beat reduced by V. beat reduced by Recovery 
perfused 
Heart 7 :— 
Obs. 1 PO3Nc.c.. 4 min, 30 per cent. Practically stopped Full 
35 secs. 
Obs22 =e. ZONGC.C: 27 Secs. 30 per cent. 80 per cent. do. 
Obs. 3 [27 .C.G: 2 mins. 75 per cent. Stopped do. 
18 secs. 
Obsaa ee 1255 c.c 2 mins. 70 per cent. do. do. 
13 secs. 
Obs. 5 440 c.c. | 9 mins. 69 per cent. | Stopped, but begins do. 
50 secs. again before CHC], 
solution is off 
Jala Ti Me eh 
(irregular 
beats) :— 
Obs =:5| i) 180cc: 2 mins. Over 70 per cent. Over 70 per cent. do. 
53 secs. | 
Obs. 2 ...| 184 cc. | 3 mins. do. do, do. 
5 secs. 
Obs. 3g 2.4) Ui7aiec, 3 mins. do. do, do. 


Average reduction, Heart 7, 5 obs. 


3 A, 55) per cents) V1, OOspen:cent. 
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VIII. 30 mors. CHCl, per Lirre or Moprrrep Rincer’s SOLUTION 
(CHC, in :003 per cent. dilution) 
Quantity of | iD f 
No. of Heart |CHC1, solution | a aig A. beat reduced by V. beat reduced by Recovery 
pertused | hed 
Heart 8 :— 
Obs. 1 92 ¢.c.- | 2 mins. 63 per cent. 95 per cent. Full 
| 7 secs. 
Obs. 2 Ill cc. | 2 mins. 82 per cent. Stopped do. 
35 secs. 
| 
Obs. 3 200 C.Cc. 3 mins. 7O per cent. do. do. 
40 secs. 
Obs. 4 185 c.c 3 mins. 68 per cent. Practically stopped do. 
5 secs. 
Obs. 5 This Cale 87 secs. 60 per cent. g2 per cent. do. 
Obs. 6 55 c.c 45 secs. 65 per cent. 94 per cent. do. 
Obs. 7 210 C.c. 195 secs. 66 per cent. 95 per cent. do. 
Obs. 8 Aub O: G:C. 9 mins. 62 per cent. Stopped do. 
17 secs. 
Heart 27 :— 
Obs. 1 Ws) exer 1 min. | 53 per cent. 69 per cent. do. 
10 secs. 
Obs. 2 150 c.c. 3 mins. 50 per cent. 83 per cent. do. 
Obs. 3 140 C.c. 3 mins. 69 per cent. 89 per cent. do. 
Obs. 4 140 C.c. 3 mins. 57 per cent. 82 per cent. do. 
Heart 28 :— 
Obs. 1 fais exe: 3 mins. 28 per cent. ZiGepercent. do. 
Obs. 2 120 C.c. 3 mins. Not recorded 36 per cent. do. 
Obs. 3 1:7 O1G.C. 5 mins. 56 per cent. 25 per cent. do. 
Obs. 4 Lists geen 4 mins. 57 per cent. 40 per cent. do. 


10) 
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VW1—Continued 


Quantity of Duration of 
No. of Heart | CHCl, solution aa A. beat reduced by V. beat reduced by Recovery 
perfused e 
Heart 28 :— 
(continued) ; 
Obs75 .:.| 550 cc. 10 mins. 62 per cent. > 40 per cent. > Full 
@bs165) 3... 38olc.c: 5 mins. 62 per cent. > 36 per cent. do. 
5 secs 
Heart 29 :— | 
Obs Ae Meese 201c-c. 3 mins. 45 per cent. 15 per cent. do. 
Heart 30 :— 
cCv2Tod 
Obs 4 ees go c.c. I min. 86 per cent. Not recorded do. 
12 secs. 
Obs."5. seal) eto cc: 3 mins. 88 per cent. do. do. 
3 secs. 
Obsi6 eee GT G.c. I min. 83 per cent. do. do. 
7 secs. 
Average reduction, Heart 8, 8 obs.: A., 67 per cent.; V., 97 per cent. 
a > 5 27s 4a ODSs 3 Aas 1h)5p2) Pel Cent. 5 lV e600: /apemcents 
" ¥ »> 28, 6 obs.: A... 53 per cent. ;, V., 22°6:per cent. 
- 5 5» 30; ODS. = As 85-0 percent. 
53 » 29, 1 obs.: A., 45 per cent.; V., 15 per cent. 
Mean reduction: A. in five hearts = 61°2 per cent. 


ss > V. in four hearts = 5§3 per cent. 
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IX. 20 morms. CHCl, per Lirre or Mopirrep RinGeER’s SOLUTION 
(CHC, in ‘002 per cent. dilution) 
Quantity of Durst f 
No. of Heart | CHCI, solution - A oy 2 A, (left) beat reduced by V. beat reduced by Recovery 
perfused : 
Heart 41 :— 

Obs. 1 76 c.c 2 mins. 48 per cent. 28 per cent. Full 

Obs. 2 7.8) C.C I min. 34 per cent. 15 per cent. do. 
58 secs. 

Obs. 3 140 c.c 3 mins. 34 per cent. 50 per cent. do. 

Obs. 4 260 c.c 5 mins. 40 per cent. 38 per cent. do. 

Obs. 5 68 c.c I min. ? 28 per cent. do. 
30 secs. 

A. right 

Obs. 6 124 C.c. 1 min. 35 per cent. 34 per cent. do. 
55 secs. 

Obs. 7 240 C.c. 3 mins 27 per cent. 35 per cent, do. 
25 secs. 


Average reduction in A., 6 obs. = 36°33 per cent.; V., 7 obs. = 32°57 per cent. 


X. 19 MGRMs. CHCl, per Lirre or Mopiriep RrnceEr’s SOLUTION 
CHCI, in ‘0019 per cent. dilution 
3 
Quantity of Dea f 
No. of Heart | CHCI, solution a pita A. beat reduced by V. beat reduced by Recovery 
perfused as 
Eee a 
Heart 14 :— 
Dog’s, Obs. 1! 1,700 c.c. g mins. 64 per cent. Not recorded Good 
35 secs. 
Obs. 3) 1,800 c.c. | 9 mins. 75 per cent. do 
35 secs. 


Average reduction = 69°5 per cent. 
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XI. 15 morms. CHCl, per Lirre or Mopiriep RinGeER’s SoLuTION 
(CHCY, in -oo1s per cent. dilution) 
Quantity of mares f 
No. of Heart | CHCl, solution a eae A. beat reduced by V. beat reduced by Recovery 
perfused 2m 
Heart 9 :— 
Obs. 1 HOyil. xe: 2 mins. IO per cent. 40 per cent. Full 
ZO Secs, 
Obs. 2 640 c.c. 4 mins. 50 per cent. 49 per cent. do. 
40 secs, 
Obs. 3 200 C.C. I min. 43 per cent. 37 per cent. do. 
17 secs. 
Heart 15 :— 
Obs. 1 810 c.c. 11 mins. 
12 secs | 
a ; 
Obs. 5 510 c.c 6 mins. 20 per cent. 40 per cent. > Full 
55 secs. ‘20 per cent. 
Heart 30 :— 
2 
Obs. 1 B20.C.C 3 mins. 18 per cent. 26 per cent. do. 
5 secs. 
Obs. 2 SOlC.c: I min. 34 per cent. Not recorded do. | 
10 secs. 
! 
Obs. 3 g2 c.c. I min. 39 jeer cent. do. do. 
15 secs. 
Average reduction, Heart 9, 3 obs.: A., 34°3 per cent.; V., 42 per cent. 
55 an 313 O53) ObSa Acs 0-4 pericent. 
- ” »» 32, 1 obs.: V., 26 per cent. 
Mean reduction in three hearts: A., 28°2 per cent.; V., 38°4 per cent. 
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XII. 10 mcrms. CHCl, per Litre or Mopiriep RinceEr’s SoLuTION 
(CHCl, in -o01 per cent. dilution ; or 1 in 150,000 by vol.) 
Quantity of Diveowwe 
No. of Heart |CHC1, solution se ne : A. beat reduced by V. beat reduced by Recovery 
perfused = 
TESA. 3 0) — 
Obs. 1 190 C.c. I min. 40 per cent. 11 per cent. Full 
55 secs. 
Obs. 2 OMELE: I min. 45°5 per cent. 17 per cent. do. 
47 secs. 
Obs. 3 AOS, exe 3 mins. 47 per cent. 17 per cent. do. 
Obs. 4 jtiskey exes 2 mins. 44°5 per cent. 23 per cent. do, 
Ors. § 365 c.c. 3 mins. Za pcincenits 28°8 per cent. do. 
55 secs. 
Heart 40 :— 
Obs. 1 MOOuG.C: 2 mins. 77 per cent. 2Q9 per cent. do. 
Obs. 2 TS nC: 2 mins. 45 per cent. 24 per cent. do. 
3 secs. 
Obs. 3 100 ¢.c. 2 mins. 58 per cent. 24 per cent. do. 
Obs. 4 180 c.c. 3 mins. 57 per cent. 23 per cent. do. 
Obs. 5 2 ONG: 3 mins. 40 per cent. 20 per cent. do. 
10 secs. 


Average reduction in 10 obs.: A., 48°1 per cent. ; V., 21°67 per cent. 
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PERFUSIONS WITH LOCKE’S FLUID 
XIII. 100 Moros. CHCl, per Lirre or Locke’s Fiurp 
(CHCl, in -o1 per cent. dilution) 
Quantity of 7 : 
No. of Heart |CHCl,solution pees of A. beat reduced by V. beat reduced by Recovery 
perfused 
Heart 55 :— 
Obs. 1... ? I min. go per cent. 96 per cent. Full 
25 secs. 
O@bsa2ree-| ued Suc.c- I min. 88 per cent. 93 per cent. do. 
13 secs. 
Obs. aaa) 895) c.c 2 mins. 96 per cent. 98 per cent. do. 
3 secs.| 
Heart 56 :— 
Obs. 1. 358 cc. | 13 mins. Not recorded 95 per cent.—go Full 
1g secs. per cent. 
Obs. 2. 134.c.c. | 4 mins. | do. 99 per cent. do. 
55 secs. 
Obs. 3..-| 440 c.c. | 15 mins. do. 98 per cent.—76 do. 
30 secs. per cent. 
Average reduction, Heart 55, 3 obs.: A., 91°3 per cent. ; V., 95°6 per cent. 
a es Heart 56, 3 obs.: V., 97°3 per cent. 
Mean reduction, V. in two hearts: 96°45 per cent. 
XIV. 66 mors. CHCl, per Litre or Locke’s Fiuip 
(CHCI, in :co66 per cent. dilution) 
Quantity of mat f 
No. of Heart |CHCl1, solution rae. a A. beat reduced by V. beat reduced by Recovery 
perfused 
Heart 44 :— 
Obs. 2 ... 80 c.c. |I min. 5 secs. 26 per cent. 40 per cent. Full 
Obs. 3 ..-| 250 c.c. | 4 mins. 67 per cent. 75°5 per cent. do. 
50 secs. 
Obs: is) -c2|| H1Oorc:e.) 2. minis. 75 per cent. 63 per cent. do. 
35 secs. 
Obs? 6)-2-|) sn O2"C Cams| temin: 87 per cent. 72°5 per cent. do. 
45 secs. 
Obs. 7 ...| 385 c.c. | 12 mins. 85 per cent. 67°5 per cent. > do. 
20 secs. 45 per cent. 


Average reduction, A. beat by 68 per cent. ; V. beat by 65:7 per cent. 
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XV. 50 mors. CHCl, prr Lirre or Locke’s Fiurp 
(CHCl, in -005 per cent. dilution) 
Quantity of : 
No. of Heart |CHCI, solution Sauer or A. beat reduced by V. beat reduced by Recovery 
perfused 
eget s— 
Obs. I ... ? I mins. 50 per cent. 39 per cent. Full 
22 secs. 
Obs. 2 ... ; 2 min. 70 per cent. 42 per cent. do. 
35 secs. 
©bs=4) <2. 65 c.c. I mins. 80 per cent. 63 per cent. do. 
45 secs. 
Obs. 6 ...| 310 c.c. 17 mins. ? | 52 per cent. > do. 
40 per cent. 
Average reduction, A. beat, 3 observations, 66°6 per cent. 
5 2 V. beat, 4 observations, er cent. 
> 4 +9 P 
XVI. 38 mors. CHCl, per Lirre or Locke’s Fiurp 
(CHCI, in 0038 per cent. dilution) 
Quantity of Dee f 
No. of Heart |CHC1,solution a pecan A. beat reduced by V. beat reduced by Recovery 
perfused a 
Heart 53 :— 
Obs. I ... i I min. 42 per cent. 44 per cent. Full 
Obs. 2. 8oc.c. | 2 mins. 42 per cent. 44 per cent. do. 
15 secs. 
Obs. 3....| 161 c.c. | 5 mins. 45 per cent. 45 per cent. do. 
10 secs. 
Obs. 4... ? I min. 52 per cent. 45 per cent. do. 
40 secs. 
Heart 54. :— 
©bsh 1... 41 C.c. I min, 75 per cent. 56 per cent. Full 
30 secs. 
Obs. 2... 50 c.c. I min. 78 per cent. 59 per cent. do. 
58 secs. | 
Obs. 3 . 89 c.c. i 79 per cent. 48 per cent. do. 
Obs. 5 .. go c.c. 3 mins. 50 per cent. 45 per cent. do. 
@bsi6....| 73.c.c. 3 mins. 52 per cent. 45 per cent. do. 
@bsijaee.|e 115, cc. 5 mins. 47 per cent. 40 per cent. do, 


Average reduction, Heart 53, 4 obs.: A., 45°25 per cent.; V., 44°5 per cent. 
Heart 54, 6 obs.: A., 63°5 per cent.; V., 48°83 per cent. 
uction in two hearts: A., 54°7 per cent.; V., 46°66 per cent. 


” 
Mean red 
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XVII. 


33 McrMsS. CHCl, per Lirre or Locke’s Fiurp 


(CHC, in -0033 per cent. dilution) 


| 


Quantity of Dyes f 
No. ot Heart | CHCI, solu- eer 2 A. beat reduced by V. beat reduced by Recovery 
tion perfused mM 
Heart 46 :— 
Obs. 1 TE CC: 1 mins. 31 per cent. 34 per cent. Full 
32 secs. 
ObSx 2a SOrcc: 2 mins. 65 per cent. 57 per cent. do. 
20 secs. 
Obs: 3; «.-|) 150) c.c: 4 mins. 71 per cent. 61 per cent. do. 
38 secs. 
@bsirAaren. ORCC 2 mins. 80 per cent. 63 per cent. do. 
55 secs. | 
Obs. 5 ... 84 c.c. 3 mins. 75 per cent. 56 per cent. do. 
15 secs. 
O)oey. 6 Saal) 3icI5) were: 13 mins. 67 per cent. >> 33 per| 63 per cent. >> 34 per do. 
10 secs. | . cent. cent. 
Average reduction, A. beat by 64°83 per cent. ; V. beat by 55°66 per cent. 
XVIII. 30 Morms. CHCl, per Lirre or Locke’s Fiurp 
(CHCI, in :003 per cent. dilution) 
Quantity of : z 
No. of Heart |CHCI, solution) Oe ok A. beat reduced by V. beat reduced by Recovery 
perfused 
Heart 50 :— 
Obs. 1 ... O2) G.c: I min. Not recorded 30 per cent. Full 
33 secs. 
Obs. 2 . ? I min. do. 35 per cent. do. 
57 secs. 
Obs, 35224), tds cc 2 mins. do. 58 per cent. do. 
55 secs. 
Heart 51 :— 

Obs. 1 Au aGCe 2 mins. 38 per cent. 24 per cent. do 
Obs. 2 ... Ao) (ere 1 min. 59 per cent. _ 49 per cent. do. 
20 secs 
Obs. 3 ... 50 cc. 2 mins. 58 per cent. 26 per cent. do. 


Average reduction, Heart 50: V. beat, 3 observations, 41 per cent. 


> 


” 


Heart 51: 


Mean reduction in two hearts, V. beat 37 per cent. 


3 observations, A. beat 51°6 per cent.; V. beat 33 per cent. 
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EXPERIMENTS ON THE DETECTION OF 
B. TYPHOSUS IN INFECTED MATERIAL 


By EDWARD H. HUME, B.A., M.D. 


LATE J. W. GARRETT FELLOW, LIVERPOOL 


LTHOUGH much has been done towards the detection of B. typhosus in 
contaminated material, by methods which utilize the differences in its 
chemical activity and in the morphology of. its colonies from that of other 
organisms, very few investigators have laid much stress on its greater motility as 
compared with that of B. co/i, etc., as a characteristic by which it might be recognized 
and isolated. 

Sroppart’s’? method is based on this characteristic, while that of Huss" 
utilizes all three features, its chemical activity, its morphology, and its motility. 

GaBRITSCHEWSKY?, however, was the first to devise a method based solely on 
the motility of B. typhosus, and so far as the writer can determine, no other worker 
has suggested further adaptations of this principle.* 

-In connexion with other experiments on typhoid infection, repeated efforts 
were made by the writer to devise a simple form of GaBritscHEwskKy’s tube’, such 
as could be used in the routine examination of faeces or even of water. Although it 
was proved possible, using a tube of this sort, to isolate B. typhosus in pure culture 
from artificial mixtures, and in one special instance, to isolate a motile bacillus from 
the stools and urine of a patient suffering from what is now called ‘ Para-typhoid ° 
infection, yet the results were inconstant. Too much depended on the tightness with 
which the cotton-wool plug was inserted into the proximal end, and on the facility 
with which one could fill the tubes with the nutrient medium. Further study along 
this line was therefore discontinued for a time, only to be renewed after the publication 
of von Dricatsxr’s and Conrapr’s' results in the February of the present year (1902). 

It was suggested by these writers that emulsions of faeces from suspected 
cases of typhoid fever, or other fluids suspected of containing B. typhosus, should be 
centrifugalized, and cultures made from the surface of the centrifugalized fluid at 
intervals of fifteen minutes for some hours. They report having been successful in 
thus isolating B. ¢yphosus in many instances. 

It seemed desirable to determine whether such centrifugalization really lessened 
the number of bacilli at the surface in any marked degree, thus bringing the greater 


motility of B. typhosus into play. Artificial mixtures of B. syphosus and B. coli were 


* Hill® reports a series of experiments to determine the relation between the motility of bacteria and their ability to 
penetrate wet cotton, and concludes that their rate of passage varies with the relative activity of their motility. He does not, 
however, seem to have applied the principle in the isolation of pathogenic bacteria from infected material. 
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accordingly centrifugalized in an electric centrifuge (two thousand revolutions per 
minute) for lengths of time varying from fifteen to sixty minutes. Plates were made 
from the surface in the method outlined by von DricatsKkr and Conrapy,! and, 
although the number of bacilli was found to be less directly after the centrifugaliza- 
tion than just before, yet the difference was not striking. 

It was evidently desirable to deliver the suspected material at the bottom of a 
tube, if possible, and to liberate it there into a large quantity of medium in such a 
way as to prevent bacilli from rising to the surface at once, as they would if the 
inoculation were directly into bouillon. The technique of the first experiment was 
suggested during the reading of an article by Harrts,t ‘Concerning an Improved 
Method of making Collodium Sacs.’ 


Experiment 1. Gelatin capsules 

Into 10 c.c. of bouillon were inoculated one loop of a young bouillon culture 
of B. typhosus, and three loops of a similar culture of 8. coli. Gelatin capsules 
containing 0°$ c.c. of the above mixture were deposited at the bottom of each of twelve 
sterile tubes, and over each capsule were poured 5 c.c. of 12 per cent. gelatin, and this 
was allowed to harden. The capsule was now completely imbedded in gelatin. After 
a few trials it was found desirable to place the tubes in the thermostat for fifteen 
minutes before allowing the gelatin to harden, in order to expel the air-bubble, which 
was of course present at the upper part of the gelatin capsule. Over the hardened 
gelatin there was poured, in six of the tubes, 15 c.c. of gelatin (12 per cent.), containing 
bile-salt (0°5 per cent.), and in. the other six 25 c.c. of the same fluidt™ | hese 
was now present at the bottom of each tube a mixture of typhoid and colon. bacilli 
imbedded in gelatin, and above it a column of sterile gelatin, all of which was sure to 
melt as soon as placed in the thermostat. It was hoped by this method to give the 
typhoid bacilli the best possible chance to get away from the colon bacilli. Plates were 
made from the surface of each tube, the gelatin was allowed to harden, and then all 
twelve tubes were placed in the thermostat at 37° C. At intervals of one hour, the 
gelatin being again in a liquid state at that temperature, one loop was taken from the 
surface of each tube, and stroked over the surface of plates of neutral-red lactose 


agar.* The results were very uniform, as shown in table 1. 


TABLE. I 


After 1 hour After 2 hours After 3 hours 


Plates from surface of tubes containing 
DOUC-CoeP elation gees ae os Sterile Growth Growth 


Plates from tubes containing 
Z01C.c. gelatin... fe Spal) ise eeroy ~-yoterale ... , do. 


| 


© The use of bile-salt, as a means of inhibiting the growth of non-intestinal organisms, has already become familiar, 
in MacConkey’s8 medium ‘ bile-salt agar.’ 
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B. typhosus was the first to reach the surface in every case. On some of the 
plates a few colonies of B. co/i were also present. 

This seemed a promising line of investigation, and it was sought to still 
further simplify the procedure. One point in particular was encouraging ; after 
keeping the tubes for some days there was no apparent diminution in the relative 
number of typhoid bacilli present in the fluid. This was contrary to what one had 
been led to believe previously, and was probably due to the fact that the medium 


was sugar-free, or practically so, making it impossible for B. co/i to produce acid in it. 


Experiment 2. 20 per cent. Gelatin 

Artificial mixtures of typhoid and colon bacilli were prepared as before, and 
amounts varying from o'r c.c. to 1°O c.c. were introduced into the bottom of each 
of twelve sterile tubes ; 5 c.c. of 20 per cent. gelatin was then added to each tube 
and allowed to harden. Thus the capsules were done away with. After the 
hardening of the gelatin, 15 c.c. of bile-salt gelatin were introduced into six, and 
25 c.c. into the other six, of the tubes, as before. Cultures were made from the 
surface at once, and after placing the tubes in the thermostat, at intervals of one 
hour, the results coincided almost exactly with those of Experiment 1, except that 
the simpler method, involving less jarring of the tubes, seemed to give the typhoid 


bacilli even a better chance of rising to the surface alone. 


Experiment 3. Isolation of B. typhosus from infected water 

As it was not possible to secure water which had been strongly suspected of 
contamination with typhoid faeces, 600 c.c. of tap-water were inoculated with two 
small loops of a young bouillon culture of B. syphosus, and small amounts of this 
infected water were introduced into the sterile tubes as in Experiment 2. Five c.c. of 
20 per cent. gelatin were then introduced, mixed with the water, and finally 25 c.c. of 
12 per cent. gelatin containing bile-salt were added as before. The results are shown 
in Table 2. The cultures were made as before, from the surface of the fluid in the 
tubes, after incubation. 

TABLE. 3 


Showing the result of an experiment to detect, by the use of gelatin tubes, 


typhoid bacilli in infected water :— 


Plates made from surface of gelatin 
| 5 
mae | Amount inoculated at bottom — _ : _ —_ ———— = 
of tube | 
| At start | After 3 hours After 22 hours 
| | 
A | (oP) exer Sterile Sterile Pure culture 
B. typhosus 
B O-2 C.-C; do. | do. do. 
C ory (exer do. Slight growth do. 
D | 1:0) C.c. do. Sterile | do. 
| i} 
E | DEOUGHE: | do. Slight growth do. 


110 THOMPSON YATES AND JOHNSTON LABORATORIES REPORT 


Experiment 4. Isolation of B. typhosus from infected milk 


A flask containing 200 c.c. of milk was inoculated with one loop of a twenty- 
eight hour bouillon culture of B. ¢yphosus, and well shaken. Small quantities were 
introduced into tubes as in the case of the water ; the tubes were filled with bile-salt 
gelatin and placed in the thermostat ; cultures were made at intervals, with the results 
shown in Table 3. 


TABLE 3 


Showing the results of an experiment to detect, by the use of gelatin tubes, 


typhoid bacilli in infected milk :— 


| 
| Plates made from surface of gelatin 


aTeabe Amount inoculated at bottom 
of tube 
At start After 2 hours After 22 hours 
i tere, 2 
N OGG: Sterile Sterile | Pure culture 
B. typhosus 
O Owl cc do | do. do. 
| 
P (oy) (exex do. do. do. 
Q | ol Tete: | do. do. do. 
R_ | 1O..G.c. do. do. do. 
S 2° C.c. do. | Pure culture do. 
| B. typhosus 


PRELIMINARY EXPERIMENT ON A METHOD FOR INCREASING 
THE. NUMBER OF TYPHOID BACILLI IN A FLUID SUSPECEED 
OF CONTAMINATION 


Four factors have been generally recognized as hindering the detection of 
B. typhosus in water, viz. :—(1) The comparatively small number present. (2) The 
lack of nutrition suitable to keep the organisms alive during the period of investi- 
gation. (3) The presence of B. coli. (4) The presence of other bacteria, chiefly 
saprophytes. 

The previous experiment had led one to believe that under suitable conditions 
B. typhosus was not overgrown by B. coli, It was hoped, moreover, by the use of © 
bile-salt and a high temperature to inhibit the growth of non-intestinal organisms in 
the water under examination. Two of the difficulties were thus met, theoretically at 
least. A suggestion recently made by Savace? led one to believe that the nutrition 
could be provided for ; and finally, a knowledge of the method recommended by 
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Kocu’ for the easier isolation of cholera vibrios from stools, led to the following 


preliminary experiment* :— 


Experiment 5. Three flasks A, B, and C were inoculated as follows :— 


Flask A Flask B Flask C 
Water, 2,000 c.c. Water, 2,000 c.c. Water, 2,000 c.c. 
I I 
B. typhosus, loop. B. typhosus, —_—— loop. B. typhosus, loop. 
1,000 1,000 1,000 
Peptone, 10 grammes. Peptone, 10°0 grammes. 
| : 
| Sodium taurocholate, 10°0 grammes 


Remarks. Tap-water was used. One loop of a sixteen-hour bouillon culture 
of B. typhosus was inoculated into 100 c.c. of sterile water, and ovr c.c. of the mixture 
introduced into each flask. The peptone (Wirre’s) was introduced in concentrated 
solution and the same was done with the sodium, taurocholate. 

The three flasks were placed together in the thermostat at 42°C. Two things 
were to be determined : (1) Whether the number of organisms was markedly greater 
in Flask B than in Flask A. (2) Whether the bile-salt prevented the growth of 
organisms other than in B. ¢yphosus (Liverpool tap-water being daily shown to be free 
from B. coli); also, whether the introduction of the bile-salt apparently inhibited 
B. typhosus, so that there were less colonies of it on plates made from Flask C than 
on those made from Flask B. 

After twenty-two hours’ incubation, gelatin plates were made from each flask, 
orl c.c. of the fluid being added to each plate. The writer was obliged to bring the 
experiments abruptly to a close before exhaustive determinations of the results could 
be made. After forty-eight hours’ incubation, however, the plates showed the 
following results :— 

Plates from Flask B showed a far greater number of colonies than those from 
Flask A. 

. Plates from Flask C showed less colonies than from Flask B. This was to 
be expected, because of the bile-salt in Flask C. Time did not suffice to determine 
whether the number of colonies of B. fyphosus on plates from Flask C was less than 
that on plates from Flask B. Sub-cultures made from the colonies of the former 
proved them to be without exception, however, those of B. typhosus. 


In conclusion. The experiments here reported are neither numerous enough 


“ “Experiments conducted by Vaughan!? showed that, by incubation at high temperatures, water organisms could 


be excluded. 
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nor extensive enough to warrant any large general deductions. The results were 
uniform enough, however, to be summarized as follows :— 

1. The motility of B. zyphosus is enough greater than that of B. coli, so that 
if infected material be introduced into the bottom of sterile tubes, temporarily con- 
fined there, and then liberated into a long column of fluid, preferably a viscid one, 
B. typhosus will regularly rise to the surface first, and can there be readily isolated, 
often in pure culture. 

2. The presence of sodium taurocholate in the fluid used arrests the activity 
and development of organisms other than intestinal, especially if incubation be at 42° C. 

3. If non-intestinal organisms are thus suppressed, and the medium be free 
from sugar, the presence of B. co/i will, probably, not interfere with the development 
and detection of B. typhosus, in case the latter be present. 

4. It seems likely that if to fairly large quantities of suspected water there be 
added a small percentage of peptone, or other suitable sugar-free nutrient medium, as 
well as a concentrated solution of bile-salt, and the mixture be incubated for twenty- 


four hours at 42° C., the chances of isolating B. typhosus will be greatly increased. 


September, 1902 


7% 
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THE THICK-FILM PROCESS FOR THE DETECTION 
OF ORGANISMS IN THE BLOOD 


By RONALD ROSS 


N the Fournal of State Medicine, December, 1902, and the Lancet, January 10, 
1903, I described a method which facilitates the detection of parasites of the 
blood by enabling us to examine thick films of dried blood in place of the thin 

films now generally used for the purpose. Instead of spreading a small quantity of 
blood over a large area and then fixing the haemoglobin and staining, the proposed 
method consists in taking a comparatively large quantity of blood, scarcely spread 
out at all over the slide, and stained without fixing the haemoglobin. In the first 
method one is often compelled to search many fields before finding a parasite: in the 
second method the parasites are much more crowded together owing to the thickness 
of the film of dried blood employed ; and are just as visible as in the thin film owing 
to the fact that the haemoglobin, the opaque element of the blood, not being fixed, 
has been washed out during the process of staining with aqueous stains. 

Photographs of a preparation of malarial blood made by this method were 
published in the Fournal of Tropical Medicine, February 2, 1903; and Ruce has 
verified and amplified the process in the Deutsche Med. Woch, March 19, 1903, 
S. 205. Recently Bert and Larne advocate it for the detection of plague bacilli in 
blood (Lancet, June 20, 1903) ; and I am confident that it will be found useful for 
diagnosis in many affections besides malaria. 

I now give a water-colour drawing of a field of a thick-film preparation of 
blood taken from an ordinary case of aestivo-autumnal infection. In a_ thick-film 
preparation of the same blood, less than one parasite on the average could be found 
in each field ; whereas it will be seen that about eighty parasites can be counted in the 
field given in the plate. The photograph shows a field of a thick-film preparation of 
rat’s blood containing Trypanosoma brucei. In a thin film of the same blood only 
one or two parasites could be found per field. 

I am now using the following stock formulae for staining :— 

Eosine, 1 gramme Medicinal Methylene Blue, 10 grammes 
Water, 1,000" c.c. Sodium Carbonate, 5 grammes 
MW aller nInCOOrG-c, 
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It is necessary to keep the blue solution for some days in a warm place until 
it has acquired the well-known purple tint. The thick film of blood on the slide is 
dried, and then very gently washed until all the colour has disappeared from it. A 
drop or two of the eosine solution is now placed upon it (without previous drying), 
and allowed to remain for a minute. Next, a drop or two of the blue solution is run 
in, and allowed to remain from fifteen to thirty seconds. Lastly, wash with a very 
gentle stream of water for a minute or so; dry, and mount or examine. 

The student must practice the method in order to obtain perfect results. He 
should aim at staining the parasites in a typical manner without staining the stromata 
of the red corpuscles. If the preparation is so much overstained that the stromata 
are deeply coloured, the preparation is not so elegant, though it may still be 
useful, 

For crescents and other large pigmented malarial parasites, I use the weakest 
possible staining, sufficing just to give a faint tint to the organisms without obscuring 
their melanin. With trypanosomes the blue must be applied somewhat longer than for 
malaria parasites. It should be noted that for Haemamoeba vivax the method has 
not proved very satisfactory owing to the indecisive staining of the chromatin. 

It is advisable to use a high ocular, say Nos. 4, 8, for finding the smallest 


organisms. 
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NOTE ON THE STAINING OF BACTERIAL FLAGELLA 
WITH SILVER 


By J. W. W. SELEPHENS, M.D., Canvas 


WALTER MYERS LECTURER IN TROPICAL MEDICINE, LIVERPOOL 


N a short communication to the Lancer, 1898, I stated that by using largin, an 
albuminate of silver, I had easily been able to obtain well-stained and clear 
specimens of flagella. I observed at the time that this body, largin, smelled 

distinctly of ammonia, and I suggested that my success in using this modification of 
Van ErmMenceEm’s well-known method was due to this cause. I was unable at the 
time to pursue the matter further, and left it to any other person interested in the 
subject to carry out. So far as I know no one has pursued the subject in this 
direction, and it is only quite recently that I have again taken the matter up. 

I will not here give all the many experiments I made, suffice it to say that it 
soon became clear that the advantage in using largin depended not upon its albumi- 
nate but upon its ammonia content. 

So that I next experimented with ammoniacal silver solutions, but found that 
it was more convenient to add the ammonia to the tannic and gallic acid solution of 
Van ErmencemM, because ammonia precipitates this acid solution, and by dissolving 
the precipitate in excess of ammonia a clear solution is got. With this ammoniacal 
solution I was able to get beautifully stained specimens. 

I next proceeded to find out which constituent of Van ERMENGEM’s somewhat 
complex mixture was the essential one, and I found that an ammoniacal solution of 
tannic acid alone gave as good results as Van ERMENGEM’S mixture. (So far as I have 
experimented, gallic acid alone has not given me positive results). It was next a 
question of determining the best proportions of tannic acid and ammonia respectively, 
and after numerous trials I find that good results can be constantly got in the 
following way, though I do not assert that I have yet found the best proportions :— 

I take no extraordinary precaution in cleaning glass sides—for the whole of 
the staining is most readily done on slides—except that after cleaning with a pocket- 
handerchief I heat the slides thoroughly ona clean piece of wire gauze over the 


bunsen. 
R 


122 THOMPSON YATES. AND JOHNSTON LABORATORIES REPORT 


The emulsion 1s made in the ordinary way, or for simply determining whether 
or no a bacterium has flagella I smear a mass of culture, moistened with water, over 
the slide in the same way as I would make a blood smear with a needle. So far I 
have used Van ErRmMeENGEM’s mordant osmic acid and tannin; I have, however, got 
positive results by using tannin alone after mordanting for some days, but have 
not made many experiments in this direction. I use then the following solutions :— 

1. Van ErMENGEM’s mordant of osmic acid and tannin, one-half to one hour 

2. Aovl per cent. solution of silver nitrate 

3. § percent. tannic acid + § per cent. NH, solution (partes aequales ) 

Wash off the mordant thoroughly with tap-water. 

Pour some of the silver solution with a pipette over the slide, then adda 
few drops of the ammonium tannate solution till a deep reddish-brown colour is 
produced, and allow to stain for a minute or so, or as long as no black precipitate is 
formed. 

Wash off in ordinary tap-water. 

Repeat this procedure two or three times until the film has a deep brown or 
somewhat black colour. 

It is usual in describing a new method for staining flagella to claim that the 
preparations are most beautiful and quite free from precipitate, without asserting this, 
I will simply say, that in my hands this method has given, with great ease, good 


preparations. 
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A PRELIMINARY NOTE ON THE SUPPOSED 
BACTERICIDAL INFLUENCE OF FLOUR 
AND ALLIED SUBSTANCES ON 
BACILLUS TYPHOSUS 


By HERBERT E. ROAF, M.B. (Tor.) 
COLONIAL FELLOW 

HE following experiments were performed to follow out some results obtained 
by Krein and Houston’ :—Both these observers used media composed of 
flour, oatmeal, and ground rice in a ten per cent. emulsion. The media were 
inoculated with various bacteria, and inoculations were made from them at definite 
intervals. According to the length of time that the bacteria could be demonstrated 
it was judged if there was any bactericidal effect. No mention was made, however, 
of control experiments with sterilized water. They found that in a wheat-flour 
medium, &. typhosus was absent after three to five days ; B. diphtheriae after one day ; 
S. pyogenes aureus after thirteen to twenty-four days ; /. cholerae after three to six 
days, and B. pyocyaneus after fourteen days. That in oatmeal, &. typhosus was absent 
after six days ; B. diphtheriae atter one day ; /’. cholerae after two days ; and B. pyo- 
cyaneus after four days. In ground rice, B. typhosus was absent after twenty-five days ; 
B. diphtheriae after three days; V’. cholerae after two days, and B. pyocyaneus after 

twenty-nine days. 

In the following series of experiments I employed the B. syphosus. The 
media consisted in most cases of a ten per cent. emulsion of wheat flour. In some 
of the experiments the material was filtered through a sterilized PasreuR-CHAMBER- 
LAND filter in order to free it from contaminating organisms. 

In two experiments the filtered juice obtained from potatoes and apples was 
used, and lastly, sterilized water was employed as a control. The medium was in 
each case inoculated with a pure culture of B. typhosus, and a culture was immediately 
made using one c.c. of the mixture. This was either plated immediately or diluted to 
some sub-multiple of ten and one c.c. of the dilution used. The material used for 
plating was neutral red taurocholate lactose agar*. The plates were incubated, 
and after twenty-four hours the white colonies were counted. If the colonies were 


too numerous to be counted they were marked thus oo. 


2. Griinbaum and Hume, British Medical Journal, 1902, 1, p. 1473. 
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The various inoculated media were kept in a dark place at room temperature, 
and from day to day one c.c. undiluted, or diluted if necessary, was plated. After the 
colonies were counted, subcultures were made in Duruam’s fermentation tubes 
containing glucose broth. The following experiments are selected from a large 
number which gave similar results. 

The growth of the &. typhosus in ordinary flour was hard to estimate, owing 
to the overgrowth of contaminating organisms, but in one or two cases, where the 
contamination was of slight degree, results similar to those of Kiern and Houston 
were obtained. 

Experiment 1. "Ten grammes of flour were weighed out, and 100 c.c. of 
sterilized water added. This was kept in a sterilized flask and inoculated with 


B. typhosus :-— 


| 
When cultures were | Dilution Boner colonics No. of bacteria per c.c. 
made on plate 
| | 
Immediately I : 100,000 132 13,200,000 
1 day I : 1,000,cCO 2 Dao) 2,226,000,000 
4 days I : 1,C00,coo I 1,000,000 
5 days | I : 10,000 | O Less than 10,000 
7 days | if Bi ° ° 
| 
8 days Teens fo) a) 


To avoid the difficulties caused by contamination, another series of experi- 
ments were undertaken to see if filtered solutions would give the same result. 

Experiment 2. A ten per cent. mixture of flour in sterilized water was made. 
This was filtered through a sterilized Pasreur-CHAMBERLAND filter and inoculated 
with B. typhosus :— 


When cultures were | Dilncon No. of colonies on No. of bacteria per c.c. 
made plate | 
Immediately | I: 10,000 1,080 | 10,820,009 
1 day | ic Peele) I 100 
3 days m ii fo) O 
5 days | re ¥ fo) fe) 
} 
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Experiment 3. Conditions exactly the same as in experiment 2. 


When cultures were No. of colonies on 


Dilution | No. of bacteria per c.c. 
made plate 
| 
Immediately | le 1O;0O0) 282 2,820,000 
1 day I: 100 fo) Less than 100 
3 days ns fi 2 2 
5 days ie at fe) fe) 
6 days | ee fo) fo) 


In these experiments the 4. fyphosus disappears more rapidly than in the 
unfiltered emulsions. The reason may be that the filtering removes some of the 
nutriment contained in the mixture of flour and water. 

An attempt was next made to see if flour could be sterilized and yet possess 
any bactericidal effect. Ten grammes of flour were sterilized in flowing steam for 
twenty minutes on three successive days. One hundred cubic centimetres of sterilized 
water were added to the ten grammes of sterilized flour, and the mixture was 
inoculated with B. zyphosus. The experiment is too long to give in tabular form, 
because there was no decrease in the number of organisms for thirty-three days, and 
it was recovered as late as the 127th day after inoculation. 

Two explanations might be given of this result :— 

1. The heating may have destroyed the bactericidal substance. 
2. The heating may have changed the flour so that it formed better 
tood for the bacteria. 

To throw some light on this problem, a series of experiments were made by 
filtering a ten per cent. emulsion of flour in sterilized water through a sterilized 
PasteuR-CHAMBERLAND filter. The filtrate was heated to boiling, and inoculated 


with B. “yphosus (see experiments 4 and 5). 


Experiment 4 


When cultures were ae: | No. of colonies on | No. of bacteria per 

; | Dilution | 

made | plate c.C. 
| | 

Immediately i co oo 

| 
2 days | ee I 20 20 
| 
4 days Te | fo) fo) 
5 days | ea fo) fo) 
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Experiment 5 


i} 
When cultures were as No. of colonies on | No. of bacteria per 
Dilution | 
made plate C.c. 

Immediately ca oo 
2 days ie fo) 
4 days ie 1 fo) 
5 days ee i fe) 


These results appear to disprove that the bactericidal power, if it exists, is 
destroyed by heating. 

A preliminary analysis of these media gave the following reactions :— 

On heating, a light precipitate was thrown down. 

Acidity 1Orc.6. —) O11 ic.€. = Na@ Ee 

FEHLING’s test showed a trace of a reducing substance present. 
Brurer reaction showed the presence of proteid. 

A precipitate was obtained by saturating some of the solution with ammonium 
sulphate. This precipitate was washed and dissolved in sterilized water. 

The solution so obtained was inoculated with &. typhosus. The bacillus dis- 
appeared in from eight to nine days, thus showing no special bactericidal effect. ‘Two 
experiments were made with potato juice filtered through a sterilized filter and inocu- 
lated with B. typhosus. One was heated to boiling before inoculation. In both these 
the growth was very luxuriant after eighteen days, when the material was exhausted. 
Similarly, apple juice had no bactericidal effect. 

As a control, a series of experiments were made by inoculating B. typhosus into 
sterilized tap water. 


Experiment 6. Sterilized water inoculated with B. typhsous. 


When cultures were aes No. of colonies on No. of bacteria per 
made Dilation | plate CH 
Immediately 1: 100 rr) oo 
1 day | 2 itere' 17 1,700 
3 days I: 1 oo oo 
5 days ie 12 12 
6 days Tce 10 10 
7 days | eel 5 
8 days | a 4 | fo) fe) 
10 days ei | ro) ° 
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Experiment 7. Sterilized water inoculated with B. typhosus. 


When cultures were 
made 


Immediately 
2 days 


3 days 


Dilution 
Tot 
ri of 
I: I 


No. of colonies on 
plate 


No. of bacteria per 
C:c; 


The work has had to be interrupted. 


It remains for further investigation to 


show precisely to what extent a constituent of flour is responsible for the inhibitory 


action, or to what extent the decrease in nutriment determines the diminution in the 


number of bacilli. 


In closing, I wish to thank Dr. Gri nsaum, who suggested this line of research. 


THE RELATION OF VESICULAR MOLE TO 
CHORION CARCINOMA 


- 


oF) 


THE RELATION OF VESICULAR MOLE TO 
CHORION CARCINOMA 


By J. EFFIE PROWSE, M.D., CuHB., Gras. 
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EFORE entering upon a discussion of the pathology of vesicular mole and its 
frequent sequaela, chorion carcinoma, it is necessary to review, somewhat in 
detail, the opinions at present held concerning the development and structure 

of the chorionic vesicle. 

Much light has of recent years been thrown on this difficult subject by the 
discovery of several observers of certain very early ova. 

Foremost among these is Peters, of Vienna, who, in 1899, secured a human 
ovum of only two or three days’ growth, measuring 1°6 by °8 and *g millimetres in 
diameter ; so far as is known the youngest ovum on record. The description of this 
and of the way in which it was embedded in utero has, to a great extent, revolutionized 
the hitherto widely accepted views of human placentation. 

Of the many theories held concerning the mode of attachment of the fertilized 
ovum to the uterus, the following may be mentioned :— 

1. That the ovum, having passed through the first stages of segmentation 
immediately following fertilization, becomes speedily embedded in the soft and thick- 
ened mucous membrane, which is soon reflected completely over it, the ovum coming 
to lie in a cavity shut off from the general cavity of the uterus. 

2. That some abrasion of the uterine mucosa was essential to the formation 
of a suitable resting-place for the ovum. 

, 3. The opinion expressed by Berry Harr that possibly the ovum grafted 
itself on the connective tissue of the uterus which had been exposed by the removal 
of the mucous membrane during menstruation. ‘PriuGeR first suggested that the 
human ovum can only be implanted on connective tissue, and thus cannot develop in 
the healthy tube or cervix, and the view has been strongly upheld by Lawson Tarr. 
This theory accounts for the frequency of conception just after menstruation, and for 
the fact that tubal pregnancy is usually preceded by disease destructive of the tubal 
epithelium, but it does not account for those cases of tubal gestation with no previous 
tubal disease, nor for the occurrence of uterine gestation remote from menstruation, 
as during lactation and pathological amenorrhoea.’  (IOTHERGILL). 
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As an alternative hypothesis, it was suggested by Harr that the fertilized 
ovum had the power of making its way through the uterine epithelium, as has been 
observed in the development of the guinea-pig. (H1uBRECHT). 

This latter view is now thought to be the true one, especially since it has been 
confirmed by the observations of Perers, who maintains that the epiblast of a fertilized 
ovum has an inherent phagocytic action, and by its means is able to attach itself to 
the maternal wall by burrowing downwards and laterally into the mucous membrane, 
and so coming to lie embedded in a cavity of its own formation. 

The following is a brief summary of the description of the early ovum from 
which the above theory was deduced :— 

Perers found the ovum on the second or third day, lying in a deep cavernous 
space with overhanging walls, in which no maternal epithelium was seen. Except at 
the point of entrance to the cavity where a plug of fibrin occupied the opening, the 
epithelium on the surface of the mucous membrane was completely intact. The 
rest of the mucosa was found to be congested and oedematous, with some degenera- 
tion of the epithelial cells in the neighbourhood of the ovum, while in the deeper layers 
there was slight hypertrophy of the glandular elements. Decidual cells were first 
noted at some little distance from the ovum, being formed by the enlargement and 
rapid proliferation of the connective tissue cells of the stroma. 

The ovum is described as containing an embryonic area composed of a few 
cylindrical cells, an amniotic cavity completely closed, lined in the outer portion by 
flat cells, and surrounding all the chorionic vesicle. Between the amnion and the 
chorion there were several layers of mesoblast, the amniotic cavity being, in fact, em- 
bedded in mesoblast. The chorionic vesicle was lined by a thin layer of mesoblast, 
a slight space, however, separated it from the outer layer, which consisted of an 
irregular meshwork of epiblastic cells, forming a delicate reticulum between the ovum 
and the tissue in which it is embedded. The spaces in this network were filled by 
maternal blood. 

It is important to emphasize the fact that the earliest chorionic epithelium is 
cellular and not plasmodial in nature, as usually described. For it the name ‘ tropho- 
blast’ has been suggested by Husrecut, who speaks of it thus :— 

‘ The first new name of which I want definitely to establish the significance is 
the name trophoblast. I propose to confer this name on the epiblast of the blastocyst, 
as far as it has a direct nutritive significance, as indicated by proliferating processes, 
by immediate contact with maternal tissue, maternal blood, or secreted material. The 
epiblast of the germinal area, the formative epiblast, and that which will take part in 
the formation of the inner lining of the amnion cavity is, ipso facto, excluded from the 
definition.’ 

As indicated in the above definition, these cells take no part in the formation 
of the embryo, but they serve to anchor the ovum to the maternal tissues, and act as 
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a means of nourishment by the absorption by osmosis of certain elements from the 
maternal blood in which it is bathed. This cellular condition of the trophoblast 1s 
only seen in the very earliest stages, and, as shown in the above specimen, 1s soon 
replaced by the plasmodial form, especially in the outer layers of the reticulum where 
the process first begins. In these places the cells were seen to have lost their definite 
outline. 

It has been suggested that this is due to the pressure of the blood, and to 
some chemical action of its plasma, and it is not difficult to recognize in these 
cellular masses the syncytium of the fully formed villus. 

Perers also noticed that the trophoblast was somewhat more abundant on the 
side facing the decidua basalis than on the outer side. Even at this very early stage 
the differentiation of the outer layer of the chorionic vesicle into villi had begun, and 
greatest 


factors in misleading embryologists, who have based their observations on the 


this precocity of development of the human chorion has been one of the 


conditions found in the chick. 

Coste, in 1847, was the first to observe the rdle of the epithelium of the 
chorionic vesicle. In his description of an ovum, fifteen to eighteen days old, he 
shews the chorion to consist of two layers : an inner membrane passing continuously 
over the inner surface of the chorion, and an outer, which alone formed the hollow 
villi, so that in looking on the inner surface of this layer, numerous small openings 
were seen which did not penetrate the inner membrane. Coste believed these villi 
to be the pathfinders for the blood vessels of the fully formed villi serving 
temporarily to anchor the ovum to the uterus, but he did not describe the histological 
appearance of the layers. KoLitker, in 1861, had an opportunity to examine the 
chorion, and he found that the outer membrane was epithelial, with cells of the same 
character as in the epithelium of older vascularized villi, and that the inner layer 
consisted of developing connective tissue and carried fine blood vessels. (Munor). 

In ScHawse’s embryo, thirteen to fifteen days old, the chorionic villi were 
considerably branched and entirely filled with mesoderm. Their tips had little 
thickenings of epithelium by which they were attached to the decidua, and this was 
the only connexion between the foetal and maternal tissues. 

According to Minot, the reason for this is that the uterine mucosa does not 
grow in between the villi, nor do the villi penetrate the cavities of the uterine glands, 
‘only the tips of the villi touch the surface of the decidua either at first or sub- 
sequently, except, of course, over the chorion laeve during the abortion of the villi. 
The tips of the villi are attached to the uterine surface, they penetrate the decidua 
for a short distance, but even in the placental area at the close of gestation the pene- 
tration is slight and the villi make their way only into the surface stratum of the 
decidua serotina. There is no evidence of any sort that the villi penetrate the glands 
at any period. 
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The very slight attachment of the ovum to the decidua thus seen has also 
been demonstrated by ForuerciLtit, who described a very early ovum which was 
expelled with a decidual cast. 

The ovum, which was a small yellow body, about the size of a ‘split pea,’ 
was found on a plug which had been used to pack the vagina, but no trace of its 
resting-place was to be seen in the cast. 

Sections of the decidua showed the usual typical structure. The uterine 
epithelium remained unaltered in the deep layer of the decidua, but the glands were 
dilated and had lost their epithelium in the middle and superficial layers. There were 
large decidual cells and numerous spaces filled with fresh blood. No chorionic vili 
or portions of chorionic epithelium were visible. 

Examination of the small yellow body showed a complete ovum about a_ half 
centimetre in diameter, consisting of a sac of chorion only, completely covered with 
chorionic villi. No traces of an amnion or germinal area were found. FoTHERGILL 
believes that this specimen had not grown for more than five or six days. 

In October, 1901, a similar cast was handed over to me for investigation, 
which proved of great interest, in that it revealed an ovum, corresponding in many 
respects to that of Perzrs. The specimen (see Fig. 1, Plate VIII) shows a very perfect 
decidual cast. It has three openings, one corresponding to the os, the remaining two to 
the openings of the Fallopian tubes. The anterior surfaces had a flattened appearance, 
while the posterior was rounded in contour, the whole being shaggy and slightly 
nodular. It had been spontaneously expelled from a patient who had missed one 
period and who was suffering from retroflexion. On examining the external appear- 
ances of the specimen, attention was first called to the anterior and upper surface by 
a slightly pale area. This was carefully incised and found to be the site of a complete 
ovum, embedded in the decidual tissue. It measured 5 mm. in its longest diameter 
and 4 mm. in its shortest. 

On section, the decidua appeared very much the same as that described in 
ForHERGILL’s case, and enclosed the ovum completely, except at one point only, 
demonstrable under the microscope, where the decidua capsularis was wanting. (It is 
believed that, at this point, the fertilized ovum burrowed its way into the maternal 
tissue). Well-formed villi are seen surrounding the chorionic vesicle (see Figs. 2 and 3, 
Plate VIIL), but even at this early stage they are more numerous at the point opposite 
the decidua basalis. The epithelium covering the villi has, in many places, retained its 
primary trophoblastic form, in this respect, closely resembling the cells found in 
Prrers’ ovum, and is seen forming a distinct connexion between the ovum and the 
maternal wall. In most of the villi, the trophoblast forms a single investing covering, 
which shows the syncytium with numerous buds in the outer layer, and a more 
definite inner row of cubical cells, the ‘ Zellschicht’ of LancHans. In several of 


the sections a distinct embryonic area is seen, composed of an irregular mass of 
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epithelioid cells, having a very slight attachment at one point only to the chorionic 
vesicle. Close to this area, and apparently in contact with it, is a small cavity, 
believed to be the amnion. 

(It may be noted, in passing, that from the appearances found in the above 
specimen, the statement made by Perers, that the amnion does not form by free folds 
as has hitherto been taught, but by an inclusion of epiblastic cells in the form of a plug, 
by the breaking down of which the embryo, body cavity and amnion are formed, receives 
confirmation). 

It is a significant fact that at no point in the decidua which the chorionic vill 
had not touched was there any syncytial tissue, a point which has been much 
emphasized by Minor in discussing the foetal origin of the syncytium. 

That the early ovum is thus only anchored and not adherent to the maternal 
tissues was also demonstrated in another specimen which came under observation. 

A small ovum, measuring about 4 c.m. in diameter, almost completely sur- 
rounded by decidua, was expelled by a patient who had missed one menstrual period. 

This was floated out in water, and with great care the decidual tissue was 
gently stripped away. No force was used or required, the villi detaching themselves 
without any apparent damage, the ovum then presenting the appearance of a shagey 
spheroid. The amnion and chorion were separated and pieces were stained 
and mounted on the flat. The amnion consisted of two distinct layers, the inner 
being formed of flat epithelial cells with oval nuclei, many in a state of active 
division (epiblast) ; the outer of young connective tissue, long spindle and branching 
cells varying greatly in size and shape (mesoblast). The chorion, with which we are 
chiefly concerned, also consisted of two layers, the inner mesoblastic layer corres- 
ponding with that seen in the amnion. The outer layer was also formed of flat 
epithelial cells, but here the cells were of more than one layer, two were seen in some 
places, but the arrangement was not uniform. Here and there over the membrane 
buds of the outer layer were seen, some branched giving off smaller buds and having 
a mesoblastic core, others apparently hollow buds of epithelium. The tips of the 
villi were found to be quite complete, ending in each case by a solid mass of cells, 
giving to the villus a clubbed appearance. 

Sections were then cut of the decidua (see Fig. 4, Plate VIII). These shewed 
typical decidual tissue, flat, polygonal spindle and round cells with large round nuclei. 
The free surface to which the ovum had been attached was reticulated, deep recesses and 
spaces running up into the compact layer, but the importance which is attached to the 
specimen consists in the fact that no trace of foetal structure, such as syncytial cells 
or other parts of villi were seen in any of these spaces, some of which were filled 
with blood, or in any other part of the section, and it is not unreasonable to conclude 
that in these spaces, bathed in maternal blood, the clubbed ends of the villi were 


previously situated. 
At 
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Having thus briefly described the appearance of the chorionic vesicle in the 
early ovum, the theories concerning the origin of the different layers must be 
considered. This is of particular importance in view of what follows in the discussion 
of chorion carcinoma or deciduoma malignum so called. 

For many years a controversy has been waged by pathologists, Continental, 
American, and British, on this subject, without any consensus of opinion having 
Beenrarnived at. 

On one point, however, all observers are agreed, namely, on a mesoblastic 
origin for the central core of the villus, but it is the epithelial or external covering 
to this core which has given rise to so much discussion. 

In a fully-formed villus of the second or third week we find an outer 
plasmodial layer, composed of highly refracting granular protoplasm, taking on a 
deep rich stain with eosin, having no cell walls and well supplied with vacuoles. 
In it are seen numerous darkly-stained nuclei, of various sizes and shape ; some 
are elongated and flattened as though subjected to pressure from without, and lie 
scattered throughout the protoplasm, others are crescentic or triangular, while 
others again are oval or round. These may lie massed together in great profusion, 
or they may, in places, be very sparsely distributed ; this layer is the syncytium. In 
direct contact with the foregoing is another layer, composed of more transparent 
cubical cells, having a definite cell outline, containing a single nucleus and separated 
by a slight interval from the mesoblast forming the central core. To this layer 
little attention was paid by early observers, and it was not until 1882 that 
Lancuans published his classic description of the Ze//schicht. 

Speaking of the distinctive points between this layer and what he called the 
epithelial (syncytial) layer, he says : ‘The ‘“zellschicht” consists for the most part of 
polyhedral sharply defined cells, whose lines of division can in most places be 
distinguished, except where the layer is thin, containing clear, almost transparent 
protoplasm, poor in granules, with large, spherical, seldom flattened nuclei and 
usually a nucleolus.’ Lancuans further emphasizes the variety of forms these cells 
may assume, from tall cylindrical rods to small spherical or flattened cells, according 
to the thickness of the layer and the pressure to which it is subjected. Of the 
syncytium he writes, that it lies closely over the ‘zellschicht,’ filling up all depres- 
sions in its upper surface, and sending down processes in between the cells, giving 
one the impression that there 1s here a double layer of epithelium rather than 
two layers of really different tissues. 

Lancuans thus believes that the epithelial layer and the ‘zellschicht’ are derived 
from two distinct sources, since he plainly states that the ‘epithelial’ layer is 
derived from the foetal ectoderm, while the ‘zellschicht’ has its origin in the 
connective tissue cells of the stroma of the villus, and is, therefore, of mesoblastic 


origin. 
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This represents the view of most English and Continental observers. 

Cutten refers to it as follows: ‘It is doubtful whether Lancuans’ layer 
in reality consists of epithelial cells, some believing that it probably represents 
nothing more than the outlying stroma cells, which have of necessity assumed a 
marginal arrangement.’ 

Roserts follows Epen in saying that Lancuans’ layer is a ‘ specialized 
stratum of the connective tissue corpuscles of the stroma.’ 

There are, however, several observers whose opinion must carry great 
weight who differ very widely from the foregoing. Among these are Minor, 
KaTscHENKO, Kupprer, Sper, Wessrer, and Perers, who all believe not only in a 
common foetal origin for both syncytium and ‘ zellschicht’, but also that both layers 
are derived from the foetal ectoderm. It is of interest that, after careful microscopic 
study of the young ovum previously referred to, | had independently arrived at the 
same conclusion. 

Turning now, fora moment, to the consideration of the origin of the syncytium, 
we find that a still greater diversity of opinion exists. 

Many believe it to be an entirely maternal product. 

Turner believes the whole covering of the villi to be derived from the uterine 
epithelium. 

Ercoran! derives it from the connective tissue of the uterus, 7.e., from the 
decidual cells. 

WINKLER agrees that the covering has two layers, but derives the inner from 
the foetal epithelium, and the outer from the endothelium of maternal blood sinuses. 

Minot, Kupprer, Spet, Harr, Guitanp, Merrrens, and Forueraitt, all 
believe that the syncytium is derived from the foetal ectoderm. 

Wester says, ‘ the foetal origin of the syncytium cannot now be denied. It 
has been clearly pointed out in different manuals by Van Benepen, Huprecuy, and 
Diwat. The importance of the labour of these authorities in the investigation of this 
matter cannot be too highly emphasized. Among recent German workers, their work 
has received scant attention. The maternal origin of the syncytium was advocated 
in the days when there was no such careful technique in microtomy as is found now- 
a-days, and it is hard to break away from traditional views.’ 

KarscHENKO believes in a common ectodermal origin for the zellschicht and 
syncytium, and ULesco-Srrocanowa says, ‘One can undoubtedly see an intimate 
connexion between the cellular elements and the syncytium,’ and firmly believes in 
the same ‘ genetic identity ’ for both layers. 

Minor has shown very clearly, in his elaborate description of the human 
chorion, that both epithelial layers of the villus are already formed before the con- 
nective tissue core has penetrated to its tip. ‘They are at first clumsy cylinders, 


which may grow to a millimetre in length before they begin branching. They arise, 
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as shown long ago by Cosrz, as outgrowths of the ectoderm only,’ and concludes 
by saying, ‘there is, in my judgment, no reason left for differing from the conclusion 
that both layers are parts of the foetal ectoderm.’ 

As most of the foregoing opinions were based on observations made from ova 
of the second or third week, when the villi are fully formed, it is not surprising that 
so much diversity of opinion existed between different observers, and one is convinced 
that it is only by a careful and minute investigation of the earliest possible ova, that 
a true idea can be formed of the development of these layers. 

Perers, in his monograph, Ueher die Einhettung des menschlichen Eies, 
previously referred to, points out that in the earliest stages the cavity of the ovum 
is surrounded by a thick cellular layer, the trophoblast. his is made up of one 
complete mass of cells, broken up here and there by more or less large blood spaces. 

Peters shews that these spaces communicate with each other by small connect- 
ing canals, which he has been able to trace in a number of serial sections. These 
spaces are filled with maternal blood, and they may again be seen to communicate with 
the maternal sinuses in the decidua. The innermost cells of the trophoblast are 
cubical in shape, and possess oval or round nuclei. They form a continuous layer of 
cells next the mesoblast, but at this early stage are separated from the connective tissue 
in most places, by a narrow space, giving the impression that the mesoblast has not 
yet followed the epithelial mantle in all its outgrowths. Between this layer and the 
uterine mucosa, the cells are arranged in groups and strands, and correspond in every 
respect to the cells forming the inner layer, except in those places where they are in 
contact with the maternal blood. 

Here they are seen assuming a flattened shape, the nucle: tend to become 
spindle or rod shaped, in some places crescents are seen, and here and there a dense 


mass of nuclei, stained very deeply, giving the appearance under the low power of one 


8 
gigantic nucleus. 

In my own specimen, which has been already described, the trophoblast can 
still be recognized as forming a connecting link between the ovum and the maternal 
tissues. The cells are more polygonal than those described by Perers, but they 
correspond entirely with the inner layer of epithelium of the villi, the ‘ zellschicht’ of 
Lancuans, and are seen to be a direct continuation of the cells forming that layer. 

In some of the villi only a single cubical row of cells is seen below the 
flattened outer layer, but in quite a number, multiple row of cubical cells are 
present. 

It is specially noticeable in this specimen, as in Prrers, that the mesoblastic 
core is not yet in direct contact with the epithelium, but is separated from it here 
and there by slight spaces. 

From the consideration of these points we can easily recognize in the outer 


flattened layer of the trophoblast, the syncytium, and in the inner cubical layer, the 
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‘zellschicht’ of Lancuans. The trophoblast in its primitive form can only be seen 
in the very early ova of the first weeks of pregnancy. I have never been able to 
find any in ova of more than a month old. In one specimen I have examined, of 
about three weeks old, the transition from trophoblast cells to syncytium is well seen. 
Three layers of cells cover in the central core of the villus, the outer layer is com- 
pletely flattened, the nuclei spindle shaped and crescentic. The protoplasm, in which 
these nuclei lie, stains well with eosin and forms a continuous ground work for the 
second layer of nuclei, which are larger and more oval in shape, possessing numerous 
granules, but staining less deeply than the outer layer. The third or innermost layer 
has the same continuous protoplasmic basis, and, lying in it, are large round nuclei, 
having a somewhat transparent appearance, possessing fewer granules and arranged in 
a regular manner round the stroma of the villus. 

Writing on this subject, Perers says: ‘I have always found, in all my 
preparations, an intimate and genetic connexion between the ‘ zellschicht’ and 
syncytium, and I was never able to demonstrate a limiting membrane existing 
between the two layers.’ 

I, therefore, regard the whole epithelial covering of the ovum, including that 
of the villi, as foetal and ectodermal, and consider those theories which infer a 
maternal origin for the syncytium and a mesodermal origin for the ‘zellschicht” as 
fallacious, and for the following reasons :— 

1. Thesyncytium cannot be formed from the epithelium lining the glands of 
the uterine mucosa, since these have been seen to possess no connexion with the 
ovum in the earliest stages, their epithelium being quite intact, and at no point 
invading or being invaded by the foetal trophoblast. 

2. The syncytium cannot be derived from the endothelium of the maternal 
blood vessels, as it has been proved by many observers that this shows no sign of 
activity during the early weeks of pregnancy. 

3. The syncytium is not derived from decidual cells, as in Perers’ ovum the 
connective tissue of the stroma were only beginning to take on a distinct change at 
some little distance from the ovum. 

4. The ‘zellschicht’ of Lancuans is not a specialized stratum of the con- 
nective tissue cells of the stroma, since it has been proved by Minot, Perers, and others 
that this layer is already well seen before the mesoblastic core of the villus has 
penetrated completely into it. 

As will be seen later, these layers of chorionic epithelium take an active part 
in the formation of vesicular mole, and a still more active and important part in the 
production of chorion carcinoma, so that in discussing the pathology of this latter 
condition, it is of the utmost importance that the foetal and ectodermal origin of 


these cells be kept in mind. 
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PART I 


The chorionic vesicle is, in all stages of its-existence, liable to undergo hyda- 
tidiform degeneration (Fig. 5, Plate IX). This condition, about which so little is 
known, is of great interest, owing to the striking connexion it has been seen to 
possess with chorion carcinoma, and as an understanding of the clinical features is 
essential to the true interpretation of the pathological appearances, a few cases, which, 
through the kindness of Professor Brices, of the University of Liverpool, have come 
under my observation, will be discussed. 

According to the date of pregnancy at which the disease appears, the chorion 
may be affected. 

1. In its whole extent, in which case the mole presents an ovoid shape, 
corresponding closely with the interior of the uterine cavity, composed of vesicles 
varying greatly in size, having no trace of a foetus or amniotic cavity. 

It may or may not have an enveloping membrane of decidua. These cases 
originate in the early weeks of pregnancy, and form the commonest variety of the 
disease. 

2. In an area corresponding to what should have been the placenta. In 
these cases the mole is more compact ; there may be the remains of a foetus inside a 
well-defined amniotic cavity. This class arises during the first and second months of 
pregnancy. 

3. Ina limited area of what appears otherwise as a normal placenta. Here 
the foetus may be quite healthy and well developed, the pregnancy having gone on 
to full term without an untoward symptom occurring. This class of cases is extremely 
rare, as are also those cases in which a twin pregnancy exists, one ovum being a living 
child and the other a vesicular mole. The literature bearing on these cases is very 
scanty, and, beyond the fact of their occurrence being recorded, little more is known 
of their pathology. 

The etiology of this condition is obscure, and many factors must be taken 
into consideration in trying to arrive at the true cause of the disease. 

The age of the patient is apparently of little importance, as the disease may 
occur at any time during the child-bearing period, cases having been recorded as 
early as seventeen and as late as fifty-three. It has, however, been noted that the 
condition is more frequent in multiparae, especially in those who have borne few 
children, and in those cases where the pregnancies have not followed each other with 
great rapidity. 

Although most writers agree in assigning as a predisposing cause, some 
pathological state of the mother, some have suggested syphilis in the father as a 


possible cause. 


PLATE IX 


Fic. 5 


Vesicular Mole 
Natural size 


Fic. 6 


Compact Vesicular Mole 


Amniotic cavity 


indicated by letter X 
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‘VircHow and Franke say that if we have to do with syphilis of the father, 
which has left its mark on the ovum, we must expect to find it has exercised most 
of its influence on the chorionic villi.’ 

Endomentritis has been largely upheld as a predisposing cause, and in support 
of this is pointed out that multiple molar pregnancies have been known to occur in 
the same patient. EruertpGe mentions one case who developed the condition 
eleven times. Other pathological conditions of the uterus have also been suggested, 


le 


such as fibroids, polypi, etc., but, so far, there has not been sufficient proof for these 
suppositions. 

Ver believes that structural changes in the maternal mucous membrane 
interfere with the proper circulation of the blood in the ovum, and thus the chorionic 
villi become oedematous, and vesicular mole is produced. 

KieFrrer has advanced a similar theory, tracing the condition to proliferating 
arteritis, and this he attributes to the abuse of emmenagogues in early pregnancy. 
He was not able, however, to demonstrate his theory by any histological evidence, 
but the idea is of interest in view of one of the cases about to be recorded, where 
the patient had repeatedly taken pills to procure abortion. 

Berry Harr, assuming the death of the foetus to be primary and not 
secondary, pointed out as a possibility (rather a remote one, perhaps) that, by the 
death of the foetus, the action of the thyroid is withdrawn, and so a myxomatous 
condition of the chorion results. 

Lupwic Franke has shewn that there is a marked tendency to the develop- 
ment of vesicular mole in cases where ovarian cystoma already exists. This has been 
confirmed by other writers, among whom may be mentioned, Marvierr and SyKorr, 
who recently exhibited at the Moscow Gynecological Society a gravid tube containing 
a typical vesicular mole. The adjacent ovary contained two corpora lutea in a state 
of cystic degeneration, and it is maintained by these observers that the cystic-condition 
of the ovary was the ‘ undoubted cause’ of the mole. 

' Although not prepared to accept such an unqualified statement, I fully believe 
that there is a close connexion between the two conditions. Out of the seven cases 
of which I have full notes, in two, the patients were operated on for cystic disease of 
the ovaries before the molar condition was recognized, and it is highly probable that 
ovarian cystic disease is present in a still greater proportion of cases where the symp- 
toms have not called tor operative interference, and so have remained unnoticed. It 
is interesting to note that in the history of the following case, the ovarian, and not the 
uterine condition was the one for which advice was sought. 

The patient, aet. 29, was admitted complaining of a painful swelling in the side 
of eight months’ duration. She had had six children, the last two years ago, no 
abortions. Menstruation was regular up to the onset of the present illness, when it 


g eight months of amenorrhoea, the pain in the side 


ceased. During the following 
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increased greatly in intensity at what should have been a monthly period, and was 
accompanied by vomiting and a ‘bearing down sensation.’ There was no vaginal 
discharge. Abdominal section was performed on March sth, 1901, and a large cyst, 
containing a thin clear fluid, was removed from the right side. At the operation it 
was noted that the uterus was wrinkled on its peritoneal surface, and equal in size to 
a four-and-a-half months’ pregnancy. 

On March 24, after a week’s slight preliminary bleeding the patient expelled 
a vesicular mole (see Fig. 6, Plate IX). 

That the existence of ovarian cystic disease is an important factor in the 
causation of vesicular mole has still to be proved, but as the two conditions have 
many points in common, it is probable that their occurrence indicates something 
more than a coincidence. Until, however, a greater number of cases are investi- 
gated with special reference to this point, the question must remain undecided. 

Another fact, which must not be overlooked, is that a neurotic temperament 
frequently obtains in persons who are the subjects of this disease, and a history is 
often given in these cases of mental worry and distress, leading to much depression 
and general weakness. This may be regarded as an important predisposing factor. 

As a primary cause, the circulation of a toxine in the maternal blood has been 
suggested, developed during gestation, and determining by its irritative qualities, 
degeneration of the chorionic villi. This, we believe, comes nearer the truth than 
any of the foregoing theories, but it is,in the present state of our knowledge, 
impossible to definitely prove it. 

Frequency. The approximate frequency has been estimated at I in 20,000 
pregnancies, but as will be readily understood, the estimate is lable to wide variations, 
owing to the difficulty in collecting such statistics, and the fact that many cases 
occurring in the early months of pregnancy are diagnosed as carneous moles and 
recorded merely as abortions. 

Symptoms. These, stated briefly, are enlargement of the uterus, haemorrhage 
or amenorrhoea, a watery blood-stained discharge, occasionally containing vesicles, 
and the usual symptoms indicative of pregnancy. 

In all the cases I have collected, the only constant symptom was enlargement 
of the uterus, but it is important to note that enlargement beyond what is expected 
from the period of gestation does not by any means occur in all cases, as so 
many writers of the text books would have us infer. 

Out of seven cases, in one only was the uterus larger than the corresponding 
period of pregnancy ; in all the others, the uterus was considerably smaller. In two 
cases, where the period of pregnancy was eight months, the uterus only corresponded 
in size to a four-and-a-half months’ pregnancy ; in another, a nine-and-a-half months’ 
history to a six months’ uterus, etc. This latter case is of special interest, as it 


represents one of the few cases in whicha molar pregnancy lasted beyond the full term. 
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The patient, aet. 32, had had one child previously, but no abortions. The 
present pregnancy dated from September 26, 1892, the full term being due on 
July 3, 1893. On May 6 haemorrhage occurred, and the uterus was noted to be 
only at the level of the umbilicus. After a few weeks’ rest in bed the bleeding 
ceased, but from July 12 to 18, a fortnight beyond the full term, bleeding was 
resumed, the uterus still remaining the same size. Labour was induced by Dr. 
Briccs, who placed in utero, four gum elastic bougies, and at the end of 
seven-and-a-half hours a large hydatidiform mole was expelled entire, the bougies 
not having penetrated any portion of it. 

In one case only did the uterine enlargement correspond at all closely with 
the period of pregnancy, and there the history was of four-and-a-half months, and 
the uterus judged at the time of abdominal section to be four months. 

Therefore, in describing the physical characters of the uterus in this condition, 
it is necessary to divide the cases into three classes. 

1. Those in which the uterus is larger than the period of pregnancy would 
lead one to expect. 

2. Those in which the uterus corresponds to the period of pregnancy, and 

3. Those in which the uterus is smaller than the period of gestation. 

The enlarged uterus is, as a rule, soft, fluctuating, and elastic, ballottement 
cannot be obtained, and in many cases marked tenderness is complained of. In some 
instances, however, the uterus is irregular on the surface and peculiarly hard and dense. 

This was specially noted in the following case, where the density of the uterus 
gave rise to considerable trouble during the abdominal section, performed for the 
removal of ovarian cysts. 

E.G., aet. 29, two children, no abortions. 

Admitted complaining of severe vomiting and bleeding from the vagina. The 
last menstruation occurred about the middle of January, and towards the middle of 
April haemorrhage set in accompanied by severe vomiting. This persisted on and off 
up to the time of admission to hospital on May 28. 

On examination, per vaginam, cystic disease of both ovaries was made out, the 
uterus being about the size of a four months’ pregnancy. 

On May 30, abdominal section was performed, multilocular cysts of both 
ovaries removed. The uterus, although corresponding in size to a four months’ 
pregnancy, reached to the level of the umbilicus, being pushed up from behind by the 
cystic ovaries. Hardness of the uterus was noted at the time, as it caused much 
difficulty during the ligaturing of the pedicles. 

On May 31 clots were passed per vaginam, and, labour pains setting in a few 
hours later, a large vesicular mole was passed early on June 1, accompanied by much 


haemorrhage and blood clot. 
U 
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The next most constant symptom is haemorrhage. Although it is usual to 
get a history of amenorrhoea in the early months, sooner or later haemorrhage 
almost invariably occurs. In five out of every seven cases haemorrhage was a serious 
symptom. The blood loss may be slight and occur only from time to time, or it 
may be so severe as to endanger the patient’s life, in which case rapid dilatation and 
evacuation of the mole are indicated. 

A thin watery discharge, tinged with blood, is present in a small percentage 
of cases, but, when it is present, is a most valuable and characteristic symptom. 
When accompanied by the discharge of molar vesicles, the diagnosis is complete, 
but as this happens very rarely, too much stress should not be laid on its 
occurrence. 

In two of my cases, however, a watery discharge was noted, and in one of 
these, vesicles were passed. 

The history is as follows :— 

Mrs. W., aet. 2€, married four years, two children. 

After the second child was born the patient suffered from subinvolution and 
endometritis. The last period ceased on December 7, 1900, and on April 17, 
1901, a vaginal discharge was noted, at first watery, but later tinged with blood. 
It was, however, on account of headache, insomnia, palpitation (neurotic symptoms), 
and vomiting that advice was sought. 

On examination, the fundus uteri was found two inches below the umbilicus, 
uterine soufHe was made out, but no foetal heart sounds were heard. Per vaginam, 
there was glandular erosion of the cervix, the os was patulous and admitted the 
finger, on withdrawing the latter, a vesicle was found on it, and, almost immediately, 
two or three more vesicles were passed. The following day, after profuse 
haemorrhage, the complete molar mass was found lying in the vagina (see Fig. 7, 
Plate X). ‘This was easily removed, and the patient made a good recovery. This 
is the only case 1 have to record in which the uterus was bigger than the period of 


pregnancy to which it corresponded. 


PaTHOLOGY 


As shewn by the accompanying photographs, the vesicular mole is composed 
of a mass of grape-like vesicles springing from the chorion. These cysts are 
formed by the degeneration of successive parts of a villus, the unaffected portion 
forming the stalk of the next vesicle. They vary greatly in size even in the same 
specimen, small vesicles are seen springing from the larger ones, they possess no 
regularity or arrangement, and are attached by delicate filamentous stalks to each 
other and finally to the chorionic membrane. The whole mass may be enclosed 
in a thin covering of decidua, or the vesicles may be found to be lying almost 


free, the only traces of decidua being found at the upper end, which is usually 
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the more compact. In only one of my cases was there an amniotic sac (see Fig. 6, 
Plate IX), and there the mole was unusually compact, only small vesicles being present. 
There was, however, no trace of a foetus in any of the specimens. 

The mole may be any size from two or three up to nine or ten inches in 
length, the size as previously indicated not having any definite relation to the length 
of the pregnancy. 

The fluid contained in the vesicles 1s thin, clear, and watery, having a slightly 
reddish tinge, of low specific gravity, neutral in reaction, containing mucin and derived 
albumins, and debris of highly refracting granules which do not stain with osmic 
acid. 

The mucin, which is a glycoproteid, is insoluble in water, and does not dialyze, 
it has, however, a marked capacity for taking up water, and this is easily demonstrated, 
for when a mole is placed in that medium, the cysts swell up and may become quite 
twice their original size. It has been said by some observers that vesicular moles do 
not contain mucin, but in each case I have examined, the chemical tests for mucin 
have given a positive result. 

The fluid found in these cysts is formed by the breaking down of the myxo- 
matous tissue of the central core of the vesicle, and to appreciate fully the minute 
changes which occur in this condition, it is necessary to have a clear idea of the struc- 
ture of the core of the normal villus. 

Here the stroma consists of connective tissue cells, which vary greatly in size 
and shape. Some are large with polygonal outline, having a long wavy process from 
each angle. The body of the cell is rich in protoplasm, and contains a centrally 
placed nucleus, which stains well with haematoxylin. The processes intertwine with 
those of neighbouring cells, so forming a complete network. Other cells are smaller, 
and tend more to the round or ovoid shape ; they possess a well-stained nucleus, 
with one or more nucleoli, and are seen scattered irregularly throughout the stroma. 


In a full term villus, the stroma often presents a finely fibrillated appearance, with 


7 


5 


comparatively few nuclei. This is most marked in the neighbourhood of the 
capillaries, where the fibrillae assume a concentric arrangement enclosing the blood 
vessel, the wall of which is only represented by a single layer of flattened endothelial 
cells. The capillaries may be so large as to occupy almost all the stroma, or there 
may be a number of small ones in the same villus. These contain foetal blood 
shewing nucleated red blood corpuscles during the early months of pregnancy, 
poikilocytes, microcytes, and many varieties of leucocytes. 

In vesicular mole, the stroma presents a strikingly different aspect. There 1s 
a marked absence of nuclei, the main mass of the stroma being made up of a few 
myxomatous cells with very long branching processes. The cells are much elongated, 
their nuclei are rod shaped, oval, or round, according to the pressure or stretching 


to which they are subjected. Between the cells is seen the finely granular matrix 
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containing the mucin. In some sections these granules have attained considerable 
size, and, as they stain very deeply with all the basic dyes, they stand out in marked 
contrast to the rest of the stroma. Whether these granules actually consist of the 
mucin secreted by the myxomatous cells is not certain, but it is quite reasonable to 
suppose that they do, since they possess all the physical characteristics of that 
substance. 

That part of the stroma immediately underlying the epithelial layer is the 
most cellular, the nuclei becoming more and more scarce as the centre of the vesicle 
is reached. 

In a vesicle about 2 mm. in diameter, the myxomatous tissue stretches right 
across, forming a very loose and delicate network, but in the large vesicles the central 
core has completely disappeared, the space being occupied by a thin watery fluid. 

One of the most striking features, however, is the entire absence of blood 
vessels 3 so far as can be made out, the entire foetal blood supply has been cut off. 
This fact is of great diagnostic value, especially in those cases where small portions 
of retained placenta are removed by the curette, and the diagnosis of the condition 
rests on microscopical evidence. ‘That such retained masses do sometimes take on 
a myxomatous degeneration with proliferation of the epithelium is beyond doubt, as 
two or three examples have come under my own observation. 

The epithelium overlying the degenerated stroma also shews changes which 
are of great interest and importance. The most obvious of these is the marked pro- 
liferation of the cells, which in some specimens is so extreme as to suggest an adeno- 
matous condition. 

Both the syncytium and the zellschicht take part in the proliferation, some- 
times one being more in evidence than the other, but in most cases the former presents 
the most striking appearances. The protoplasm of the syncytium stains even more 
deeply than in a normal villus, and possess nuclei of large size, coarsely granular 
and of very irregular shape. As in a normal villus, wherever the syncytium is in 
contact with the maternal blood, the nuclei shew the typical, elongated, and flat- 
tened appearance, and if the nuclei are two or even three layers deep, the inner- 
most are always seen to be more oval and round as they approach the zellschicht. 
But as we have already seen, both syncytium and zellschicht are remains of the 
foetal trophoblast, therefore the proliferation which forms so striking a feature of 
this condition is not to be regarded as due to the increase of two different kinds 
of cells, but to one variety of epithelium which, according to its position on the 
villus, is seen to be flattened, plasmodial, oval, or cubical. 

This proliferation of the epithelium takes place principally on the external 
surface of the villus, where it forms large heaped-up masses of cells. These may 
be cut off and form islands which appear to lie free in the blood spaces, while 
others grow out into long finger-like processes which may branch and give off 


—— 


PLATE X 


Fic. 7 RiGaes 


Mole with large Vesicles. Wall of Vesicle. 


Fic. 9 


Wall of Vesicle with Proliferation of the Syncytium. 


Fic. 10 


Wall of Vesicle with Proliferation of Syncytium. 
Higher magnification. 
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buds. These buds are somewhat typical in appearance. The nuclei are seen to 
be all massed together in the centre, forming what appears under the low power 
to be the dense deeply-stained nucleus of a giant cell. But on closer examination 
it is seen to be composed of a number of coarsely granular nuclei of very 
irregular shape, crowded together, and fitting into one another. 

In other places the epithelial masses present a more reticulated appearance. 
Large oval spaces are seen between the cells, suggesting an exaggeration of the 
vacuolation process which takes place normally in the plasmodial cells of the 
trophoblast. According to Perers, two forms of degeneration occur physiologically 
in the trophoblast, namely, vacuolation and condensation, and it appears to me that 
in vesicular degeneration of the chorion, these two processes are carried on ina marked 
degree, giving rise to the network of syncytial cells on the one hand, and to buds of 
the same tissue on the other (see Figs. 8, 9, and 10, Plate X). 

Almost more striking, however, than this external proliferation is that which 
[ have remarked in many of my sections, namely, an invasion of the stroma of the 
villus by the epithelium. This is a point of great interest, shewing as it does the 
power of the foetal epithelium to penetrate into mesoblastic tissue, thereby causing 
its destruction. In places the ingrowths of epithelium give the appearance of a 
transverse section of a tubular gland, lying embedded in the stroma, completely cut 
off from the outer investing layers. The inner layer of this glandular looking 
structure is formed of deeply stained flattened nuclei, arranged round the lumen, 
while outside these, cubical and cylindrical cells are seen, having a definite cell outline 
and possessing oval nuclei. 

These are not seen in all sections of vesicular mole, but when they are present 
they are a sign of great importance as indicating undue activity of the epithelium. 

It has been said by some observers that it is possible from the microscopical 
appearances 1n vesicular mole to foretell the occurrence of chorion carcinoma. Whether 
this be so or not has yet to be proved, but it is interesting to note that in the one 
case of vesicular mole I have to record, which afterwards developed this condition, 
the sections did present some unusual features. 

To the naked eye, the vesicles were of small size and surrounded by large 
masses of blood clot. Microscopically the stroma of the vesicles was seen to be 
completely disorganized, nothing remained of the myxomatous tissue, its place being 
taken by a homogeneous structureless network which stained a dark blue with 
haematoxylin. The outer covering, however, shewed great activity. Like the 
appearances described above, the nuclei were greatly increased, but the protoplasm 
of the syncytium appeared shrunken and very granular, as though undergoing some 
degenerative change. 

Budding of the syncytium was very marked, but differed from that usually 


seen, in that the protoplasm formed a thin shell-like enveloping membrane, inside of 
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which were crowded dense masses of deeply stained nuclei. In that part of the syn- 
cytium which was in contact with the maternal blood, a curious fringe-like appearance 
was seen, and, although I have noted this in several other cases, it was specially well 
marked here. The fringes, which are best seen with an oil immersion lens, resemble 
cilia very closely, and it is reasonable to suppose that they are provided to help on the 
stream of blood through large spaces, where of necessity the circulation must be very 
slow, and also, perhaps, to present a larger surface for the absorption of nutrient 
material for the growth of the vesicle. As the whole structure has no blood supply 
of its own, it is dependent entirely on the maternal blood for its nourishment. 

Another striking feature of this case was the enormous number of leucocytes 
which were present in the blood, bathing the vesicles. In places, the number of white 
corpuscles exceeded even that of the red, and suggested, very forcibly, the idea that 
some infective process was going on. Many varieties of white cells were seen, lympho- 
cytes, large mononuclear and multinuclear leucocytes being specially numerous in 
those regions when the blood was in actual contact with a vesicle. 

It would appear from this that the vesicles themselves were the source of 
irritation, the blood reacting to the stimulus and pouring out a dense leucocytic 
exudation, or it may be that the blood having been infected reacts again on the 
tissues of the mole, causing it to take on a malignant growth. 

Whether this be so or not, one is convinced, after the study of a large 
number of sections of vesicular mole, that a very real and intimate connexion exists 
between vesicular mole and the condition presently to be described, namely, 
chorion carcinoma. Vesicular mole has been described by Franke as a ‘chorio- 
epithelioma benignum, and if the remains of a mole undergo malignant develop- 
ment there occurs a chorio-epithelioma malignum.’ Other observers have described 
the condition as a cystic new formation, but the advocates of this view are few. 

VircHow believed it to be a true hypertrophy of the villi with myxomatous 
degeneration of the connective tissue of the stroma. 

MarcHanD, whose researches on this subject are of great value, lays 
emphasis on the proliferation of the syncytium and Lancuans’ cells, and regards 
the swelling of the vesicle as a dropsical condition produced mechanically and not a 


myxomatous degeneration. 
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PART III. CHORION CARCINOMA 


This condition, under the name of ‘Sarcoma Deciduo Cellulare,’ was first 
described by Sancer, in 1888, as a ‘malignant deciduoma-forming metastasis.’ 

In 1890, Prerrrer independently published notes of a similar case, and 
proposed for it the name of ‘ Deciduoma Malignum.’ Since that time considerable 
attention has been paid to the subject, especially by continental observers, and the 
literature is already somewhat extensive. 

It seems doubtful, however, if all the cases published under this heading have 
been genuine cases of what is understood by the term ‘Chorion Carcinoma ;’ and 
since there has been so much difference of opinion expressed as to its pathology, even 
by eminent workers, we are inclined to believe that three classes of cases have been 
described. 


1. A true carcinoma developing from remains of a vesicular mole or retained 


o 
chorionic elements. 


2. A sarcoma of the uterus developed during and influenced by pregnancy, 


and 
3. Ordinary forms of uterine carcinoma (EpEn). 
As will be seen later, in studying the pathology of this disease, we regard the 


name ‘ Deciduoma Malignum’ as misleading and incorrect, there being no evidence 
that decidual cells ever take on a malignant growth, and from what has already been 
seen, it is obvious that the syncytial cells for which they have been mistaken, bear 
only a very superficial resemblance to those found in the decidua. 

The disease 1s a fatal one, death occurring in some cases as early as one month 
after the termination of the pregnancy. It is characterized by the presence of a uterine 


great rapidity, and is almost invariably accompanied by 


tumour, which grows with g 


haemorrhages and an offensive discharge. It tends to infiltrate the wall of the uterus, 
even to perforation, and spreads locally by means of metastasis, which occur along the 


venous channels. 


EtTIioLoGy oF THE DISEASE 


Age. Chorion Carcinoma may occur at any age during the child-bearing 
period, but is strictly limited to that period. Cases have been recorded as early as 
15 and as late as 53, but the largest number seem to have occurred at that period 
when the maternal functions are in the greatest state of activity, 7.e., between 20 and 
35- 


But more important than the age factor is the nature of the pregnancy imme- 


diately preceding the development of the disease. 
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Quoting from CuLLen’s Cancer of the Uterus, we find that— 
One case followed a tubal pregnancy. 
One case followed a miscarriage at the sixth month. 
Twelve cases followed an abortion. 
Seventeen cases followed a labour at term. 
Twenty cases followed the discharge of a hydatidiform mole. 

‘In those cases in which abortion had occurred, two of the women had 
previously expelled hydatidiform moles. Thus in twenty-two (43°3 per cent.) of 
the cases there was a history of the expulsion of a vesicular mole some time prior 
to the appearance of the disease.’ 

Other writers give even a higher percentage than this, and, from my own 
observations, I believe it is probable that in all cases, whether preceded by a mole or 
not, changes take place in the epithelium of portions of retained placenta, which are 
the starting point of the disease, exactly similar to those which occur in vesicular 
mole. As previously mentioned, I have, in two or three cases, found evidences 
of such changes in pieces of retained placenta which have been removed by the 
curette. 

It has been objected by Eprn that there is no evidence that pieces of 
placenta go on growing after the death of the foetus, but when it is remembered that 
the villi of the early ovum, and also in vesicular mole, are dependent for their 
nutrition on the maternal blood in which they le, and not on the foetal supply, 
it is easy to understand how the chorionic tissue can go on growing long after 
the death and absorption of the foetus. 

As an important predisposing cause, the general condition of the patient 
must be considered. In a large number of the cases recorded there have been dis- 
turbances of the general health during the preceding period of pregnancy. One 
symptom has been specially noted, viz., pernicious vomiting. This, in many cases, 
has occurred in the early months and led to premature emptying of the uterus. 
Other cases have developed neurotic tendencies—apprehensions as to the result of 
the pregnancy, persistent headaches, perverted mental conditions, and in one case 
maniacal attacks are said to have occurred. 

In those cases where the disease is preceded by the expulsion of a vesicular 
mole, the patients are invariably anaemic and emaciated from frequent blood loss, and 


interference with the digestive functions. 


SYMPTOMS 


These, stated briefly, are sudden and severe attacks of haemorrhage, occurring 
within a few days or weeks of the termination of the pregnancy, rapid emaciation, 
profound anaemia, an intermittently high temperature, and all the other accompani- 


ments of septic intoxication. 
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The symptoms usually set in shortly after parturition, though in a few cases, 
a brief respite occurs. On examination, the uterus is found to be enlarged, tender, 
and of a doughy softened consistence. Per vaginum, the os is patulous, but other- 
wise the cervix is apparently healthy. Small nodules may be present in the wall of 
the vagina, if metastasis has occurred. On passing the finger into the uterus, the 
whole or part of the interior is found converted into a raised boggy mass, resembling 
placenta to the touch. In places, deep excavations may be felt, and at these points 
the extreme thinness of the muscular wall is noted. Rupture of the uterus may occur, 
death of the patient following rapidly on the accident. In one of the cases about to be 
described, the muscular wall of the uterus measured only 1 mm. in thickness, the tumour 
being easily visible from the outside, shining through the attenuated muscular tissue. 

Although curettage of the uterus should never be performed in this condition, 
in those cases where it has been done, it has always been accompanied by excessive 
haemorrhage, the blood gushing out in a most alarming manner. This is regarded 
by some as a point of diagnostic value, but it would be well if, in doubtful cases of 
this kind, the examining finger were used for the removal of pieces of tissue required 
for microscopical investigation, as haemorrhage once started, is extremely difficult to 
arrest, owing to the large blocd spaces present in the tumour, and the inability of the 
thinned-out muscular wall to contract. 

For permission to investigate the following case, I am indebted to the kindness 
of Professor Briacs. 

The history of the case is as follows :— 

Mrs. B., aet. 43, ten children, youngest aet. 14. No abortions. Menstrua- 
tion normal. The last two periods ceased on May g and June 20, 1900. For some 
time previously, the patient, who was of a neurotic temperament, had been subject to 
much mental strain, caused by domestic troubles, and her general health had become 
much impaired. Towards the end of August, when she considered herself about 
three months’ pregnant, she began taking pills to procure abortion, and these she 
continued to take in September and October. 

On September 7, uterine haemorrhage set in, and the patient became anaemic, 


her general condition being by this time very low. 


On October 12 


2, she was seen by Dr. Briccs, who described the uterus as 
feeling harder than the normally pregnant uterus, and diagnosed a vesicular mole. 
The uterus was larger in size than would be expected from a pregnancy dating from 
June 20, but smaller than one dating from May g. Owing to the weak state of the 
patient, no attempt was made to rapidly empty the uterus. Three gum elastic 


bougies were placed in utero at nine ;.m., and the mole was naturally expelled on 


i 
the evening of the next day. 

After the expulsion of the mole, the patient continued to bleed, the amount 
lost being small. Symptoms of septicaemia now appeared, and the temperature rose 


and fell irregularly, sometimes rising as high as 105°, with occasional rigors. 
Vv 
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On November 12, four weeks after the expulsion of the mole, the uterus was 
explored with the finger, and a large ulcerated patch with indurated edges was made 
out on the posterior wall near the fundus (see Fig. 11, Plate X1). Extreme soften- 
ing of the wall was noted, and it was feared that perforation was imminent. 

Operation was delayed for a day or two in hopes that the patient’s condition 
might improve somewhat, but as she steadily became worse, the uterus was removed 
per vaginam on November 28. The patient survived the operation only eight 
days. 

Unfortunately, a post-mortem examination could not be obtained, so that 
it is not known if metastatic deposits were present. 

The uterus was somewhat enlarged, the body appearing more spherical than 
normally. On laying it open a large necrotic haemorrhagic area was seen on the 
posterior aspect of the fundus, extending over the orifices of both fallopian tubes. 

The growth presented a number of small rounded elevations, several of 
which were dark red in colour and extremely soft to the touch. Although depressed 
towards the centre of the tumour, the edges were raised from the surrounding 
mucous membrane, bulging forward into the cavity of the uterus, the growth also 
penetrating into the muscular wall, almost as far as the serous coat. The mucous 
membrane lining the remainder of the cavity appeared normal, and the cervical 
canal shewed nothing abnormal in its entire extent. 

The condition found in the vesicular mole expelled by this patient has been 
already described, and it will be remembered that the sections shewed intense leuyco- 
cytic exudation round the vesicles. This indicates that the septic infection had 
already occurred before the mole was expelled, and as there was marked prolifera- 
tion of the syncytium, with a great increase in the amount of syncytial buds lying 
free in the blood spaces, it is probable that metastasis, as well as the malignant in- 
filtration of the muscular wall, had also begun. 

But the greatest interest attaches to the uterine tumour, in that it shews on 
microscopical examination two vesicles deeply imbedded in the muscular coat, and 
from them the syncytium is seen budding off and making its way into the venous 
channels. Looking at a section, beginning at the internal surface, we find in 
places remnants of the mucous membrane, which is very thin and atrophied. The 
glands are small and lined by a single layer of rather cubical epitheltum which in 
places has fallen out, but they present no other features of importance. It is, how- 
ever, worthy of notice that the inter-glandular stroma appears to have gone back to 
its normal condition. No trace of decidual cells is to be seen, only spindle-shaped 
cells with small round or oval nuclei are present. 

In most of the sections, the mucous membrane has disappeared, its place being 
taken by blood clot, partially organized in places and shewing much leucocytie exuda- 


tion, in others more recent haemorrhages are seen. Here and there, adherent to the 
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surface of this, are seen the remains of villi, most of which have lost their epithelium, 
the myxomatous core being all that is left. Close to, but separated by the above- 
mentioned semi-organized blood clot, are masses of granular protoplasm, containing 
a number of oval nuclei. These are deeply stained and shew great variety in their 


size and shapes. They are seen penetrating into the muscular coat, at times, as a 


2 
long strand making its way inwards towards the blood spaces by which the muscular 
wall is intersected; at others, breaking off into small buds or even isolated cells. 
These wandering cells appear to possess great powers of penetration, as they are met 
with in all parts of the section. They stain deeply, and so stand out prominently 
from the rest of the tissue, the nuclei being especially rich in chromatin. 

About midway between the mucous and serous coats two hydatidiform vesi- 
cles are seen, surrounded in the greater part of their extent by a haemorrhagic area. 
The stroma of the vesicle is composed of myxomatous tissue, towards the centre it 1s 
becoming thinned, and spaces are seen which probably during life were filled with fluid. 
There is no sign of any overgrowth in the stroma, and it does not penetrate at any 
point the investing epithelial layers. It is to these latter that the special interest 
of the section attaches (see Figs. 12 and 13, Plate XII). 

The epithelium is present, covering the entire surface of the vesicle. Both 
syncytium and Lancuans’ zellschicht are well seen, and both are in a state of active 
proliferation. ‘The cells lying in immediate contact with the stroma are almost cubical 
in shape, though in places much irregularity exists, and they are arranged in rows, 
sometimes as many as six layers deep. Next to these, and in contact with the sur- 
rounding blood, is the syncytium. This is in a more active state of proliferation than 
the zellschicht, large masses of protoplasm are seen budding off, sometimes in long 
club-shaped strands, at others, in small rounded masses. 

Vacuolation of the syncytium is very marked here, giving the appearance of a 
network of protoplasm, with delicately-curved nuclei, following the outline of the 
reticulum. Tracing these to the periphery, it is seen that, wherever the syncytium 
comes into contact with the muscular wall, syncytial cells have penetrated far and 
wide, and plasmodial masses may be observed, having a direct connexion with the 
vesicle on the one hand, and maternal blood spaces, deeply embedded in the muscular 
wall, on the other. 

At a short distance from the vesicle just described, but separated from it 
by muscular tissue, a large clump of cells is seen lying free in a venous channel. 
They correspond in every particular with the syncytium covering the vesicle, and 
are evidently derived from that layer. As the lumen of the vessel is almost entirely 
occupied by this mass of cells, it is probable that multiplication is going on iw situ. 
Near to the serous coat more villi are seen, also associated with large haemorrhagic 
areas, some of which shew recent blood and dense leucocytic exudation. Many 


of the blood spaces shew invasion by the syncytium, so that from the microscopical 
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evidence it is highly probable that metastatic deposits had occurred, although their 
existence could not be verified. 

GeBHARpDT has recorded a case in which an hydatid villus was enclosed in 
the tumour, while Apretstapr and Ascuorr record a remarkable instance of 
‘malignant disease of the uterus following the spontaneous evacuation of a 
vesicular mole; both the primary tumour and a metastasis in the labium majus 
were found to consist of a cluster of vesicles, having the structure typical of the 
vesicular or hydatidiform mole.’ 

Although many observers have suggested that chorion carcinoma is developed 
in the above manner, observation of the process under the microscope has only been 
possible in very rare cases, and it is admitted by all, that it is only by the 
careful study of the conditions existing in the vesicular mole, when it is known 
to precede this disease, that a true solution of the pathology of chorion carcinoma 
can be hoped for. 

The second case I have to describe was under the care of Dr. Naruan 
Raw, of Liverpool, to whom I am indebted for the clinical notes and permission 
to investigate the case. 

The patient was a married woman, aet. 39, who was admitted on January 18, 
1902, to Mill Road Infirmary, Liverpool, complaining of profuse haemorrhage 
and offensive discharge from vagina, which had occurred on and off ever since a 
miscarriage three months previously. 

No information could be obtained about the pregnancy, but the foetus was 
thought to be of about the seventh month. 

On admission, the patient’s temperature was gg, but from that time it 
gradually rose, and on January 25, preceded by a rigor, it reached 105°. The 
injection of 20 c.c. of antistreptococcic serum reduced the temperature to normal, 
and the patient remained fairly well till February 13, when a severe flooding 
occurred. On the 1th there was another rigor and rise of temperature to 104°. 

February 17. The haemorrhage and offensive discharge still continuing, 
chloroform was given and the uterus curetted. During the operation the 
haemorrhage was most profuse, blood gushing out in a most alarming manner. 
This was arrested by packing ; the patient, who was now extremely anaemic, 
remaining free from bleeding until March 2, when there was another rigor, 
followed by a sharp rise to 105°2°. 

March 11. Rigor and rise of temperature to 106°2°, accompanied by the 
passage of a large clot. 

March 12. Another rigor and rise of temperature to 105°. 

March 20. ‘Since the last injection of antistreptococcic serum, the tempera- 
ture has dropped nearly to normal. She is still very pale, and perspires every night. 
There is now a soft blowing systolic murmur heard at the apex, and evidently. 
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mitral. This seems to be infective, and has just developed within the last two 
weeks.’ 

From this date up to the beginning of June, the patient remained much in 
the same condition ; there were frequent rises of temperature, on two occasions as 
high as 106°, preceded in each instance by a severe rigor. On June 8 severe pain 
was complained of in the lower abdomen, and, on the following day, death ensued. 

During the last few days of the patient’s life, the uterus was noticed to 
increase in size, somewhat rapidly. 

The cervix appeared normal, but nodular swellings were felt bimanually at 
the fundus. The extremely low condition of the patient prevented any operative 
interference. 

The post-mortem examination revealed an enlarged uterus ; the body had 
assumed an almost spherical shape and shining through the thin, almost  trans- 
parent uterine wall; dark red haemorrhagic-looking tumours were seen. 

The appendages, although slightly congested, appeared otherwise normal. 

On laying open the uterus, the body is seen to consist merely of a thin 
membrane of pale muscular tissue, measuring 1 mm. in thickness, enclosing a bleed- 
ing fungating mass, which corresponds in general outline to the original wall of the 
uterus. This gives the impression that the malignant growth had begun at the 
mucous membrane, and by some inherent phagocytic action had completely replaced 
the original tissue. On the inner surface of the growth, forming an almost complete 
lining to the cavity, is a greenish-yellow slough. Filling up the cavity, but 
adherent only at one point, is a large projecting tumour mass, resembling in appear- 
ance and consistence a placental polyp. This also is covered in places by a 
purulent exudation. 

The recent appearances are reproduced in the accompanying drawing (see 
Pig. 14, Plate X1). 

In the lungs numerous secondary deposits were seen. These varied greatly 
in size, a few being as large as a walnut, but by far the greatest number only about 
the size of a green pea. They felt hard to the touch, and on section were seen to 
correspond exactly with the primary tumour. A fibrous looking capsule enclosed 
each nodule, so that they appeared sharply cut off from the surrounding lung tissue. 
The smaller deposits were distinctly paler than the larger ones, which were more 
haemorrhagic, and, therefore, appeared darker in colour. 

An ill-defined area of pneumonia surrounded the tumours, and it is remarkable 
that these did not give rise to any symptoms during life. The bronchi appeared normal. 

On examination of the heart, a few brittle vegetations were found on the 
curtains of the mitral valve. 

The rest of the organs, beyond absence of fat and an undue pallor resulting 


from the profound anaemia, shewed nothing of interest. 
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Pieces of the primary tumour including the muscular wall, and of the secon- 
dary deposits in the lung, were hardened in PLimMer’s solution, and a number of 
sections cut. Examining the primary tumour, no trace of the uterine mucosa was to 
be found, the internal surface being occupied by a mass of necrotic tissue, consisting 
of fibrin, a few spindle cells, blood corpuscles, dense masses of leucocytes, and a number 
of badly stained cocci. Owing to the difficulty in demonstrating these latter satisfac- 
torily, it is impossible to say definitely if they were streptococci, though in several 
instances, the organisms were seen in small chains, and as the tissue had been put into 
hardening fluid before it was sent to me, J was unable to make cultures from it. 

Passing outwards, we find that this superficial area of necrosis is not sharply 
demarcated from the adjacent tumour tissue, but becomes gradually merged into it. 
In this neighbourhood, the remains of cells can be clearly made out, from most of 
which the nuclei have disappeared, although a faint outline can be traced in some 
instances. 

A number of small broken-up protoplasmic masses are seen, staining 
badly, almost entirely devoid of nuclei and of those granules which are so charac- 
teristic of the growing syncytium. Itis to be specially noted that neither here, nor in 
any other part of the section, are decidual cells present. The uterine glands have 
entirely disappeared, and no trace is found in any section of the superficial 
epithelium. 

Passing further outwards, we come on the true tumour tissue. This is seen 
to be in a state of active growth. As seen under the low power, the most 
characteristic points to be noted are the irregular masses of cells forming a coarsely 
reticular meshwork, enclosing large haemorrhagic areas. | On closer examination of 
the blood in these spaces, it is found that, in the larger areas, disorganization of the 
corpuscles is going on and fine threads of fibrin are seen traversing the coagulum. 

In the smaller spaces, the blood appears more recent. The red corpuscles 
have retained their shape and taken on a pink stain with eosin. The white cells are 
seen to be greatly in excess, their nuclei have stained well and shew many varieties, 
the large multipartite and mononuclear predominating. It is specially noted that the 
blood here is not enclosed in blood vessels, or even in spaces lined by endothelium, 
but lies free, in direct contact with the tumour cells now to be described. 

On examining, even with the low power, it is at once apparent that two 
varieties of cells are present ; one kind made up of irregular bands, oval or circular 
masses of protoplasm containing numerous deeply staining nuclei ; the other smaller, 
oval cells, in some places massed together in such profusion that no cell wall is 
visible, having smaller and more transparent nuclei. These cells alone, together with 
the blood spaces already described, make up the entire mass of the tumour. There 
is no connective tissue stroma between the cells, and no intercellular structure of any 
kind has been observed. 
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On closer examination, the protoplasmic bands are seen to correspond in every 
respect to the syncytium previously described. The ground substance is coarsely 
granular, stains well with eosin, and contains numerous vacuoles. On the surface, 
which is in contact with the blood, especially in those areas where the haemorrhage is 
most recent, the peculiar ciliated or fringed appearance is again noted, and adherent 
to these fringes a red corpuscle may here and there be seen. 

It will be remembered that this appearance is very characteristic of the 
syncytium covering the vesicles in hydatidiform mole, and, in my opinion, is a point 
of great importance as demonstrating the intimate connexion between these two 
conditions. 

Lying in this protoplasmic substance, large numbers of nuclei are seen. The 
shape of these varies according to the position they occupy. Where the syncytium 
(as we shall now speak of it) is drawn out into long wavy strands, the nuclei are long, 
spindle, or rod-shaped, where a sharp curve is made, the nuclei are correspondingly 
curved or crescentic. In many places, however, the syncytium appears spread out 
into a flattened mass, with branching processes, or by cross section of a strand, oval 
and circular discs are seen, bearing a close resemblance to giant cells. Here the nuclei 
sometimes assume a large size, or there may be one or two very large oval nuclei, 
accompanied by several smaller ones. The oval or circular masses often contain a 
group of nuclei closely packed together, and, as they are always found lying free ina 
blood space, they resemble in every minute particular, the syncytial buds which are 
seen not only in sections of hydatidiform mole, but also in normal villi, and even more 
markedly in the early stages of the development of the chorion. 

The nuclei of these giant cells are rich in chromatin, and, therefore, stain deeply 
with haematoxylin and with the aniline dyes, they shew numerous granules and fre- 
quently a well-defined nucleolus. 

Separated from the blood spaces by a thin layer of syncytium are seen the 
other variety of cells. These are so densely packed, that in very few places any 
definite cell can be made out. Where this is visible the cell appears oval or round, 
its protoplasm is not quite so granular as that of the syncytium, and does not stain 
as deeply. 

The nuclei are pale and transparent, and contain one or more nucleoli in 
almost all cases. When a number of granules are present, they are arranged at the 
periphery of the nucleus, leaving the centre clear and transparent. Nuclear vacuoles 
are also seen here and there. These cells are scarcely ever seen isolated, but are 
massed together in dense columns, and it is most interesting to observe that these 
cells do not come into actual contact with the blood, but are separated from it on all 
sides by a layer of syncytium (see Figs. 15 and 16, Plates XII and XI). 

As the tumour approaches the muscular wall, there are evidences that this is 


the growing edge. The haemorrhages are more recent, and the cells take on the 
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stain more accurately. There is no sharp line of demarcation between the healthy 
tissues and the invading cells, though it would appear from the uniform thickness of 
the muscular wall that the process of infiltration was proceeding with uniform 
rapidity. Masses of cells are seen making their way in between the muscular fibres, 
and at this point the involvement of the maternal blood vessels is seen. As shewn 
in the illustration, the cells approach the wall, penetrate into the lumen of the blood 
vessel, thence to be carried by the blood stream to some distant part of the body. 

Sections of the secondary deposits in the lung shew precisely the same 
structures as those found in the uterine tumour, so that itis unnecessary to recapitulate 
the description. It is, however, noticed that the nodule is more necrotic, the central 
part being composed almost entirely of blood clot and disintegrating tumour masses, 
s) that the typical syncytial strands and the oval cells are seen most abundantly at 
the periphery, where they form a kind of investing membrane. The cells may be 
traced penetrating into the haemorrhagic area, either as fine strands, or as broader 
flattened masses. 

The protoplasm of the syncytium 1s more vacuolated than that of the primary 
tissue, and it appears in places .as though these vacuoles had been formed by the 
dropping out or absorption of a nucleus. Intense leucocytic exudation is here also 
a marked feature. 

In the immediate neighbourhood of the nodules, the lung tissue is seen to be 
in a state of congestion. The alveoli are choked with exudation, and the walls are 
thickened and inflamed. A bronchus close by also shews inflammatory changes, with 
secretion of mucus. 

From the consideration of these two cases, which, although differing some- 
what as regards the clinical course, agree in that the pathological elements found in 
each are identical, it is argued that this condition is one of true carcinoma, arising in 
the chorionic epithelium, and parasitic on the maternal organism. 

As shewn in the earlier part of this paper, the epithelium covering a villus is 
a strictly foetal structure, being the remains of the trophoblast, and further, that 
according to their position relative to the villus and the maternal blood, the cells 
assume either a flattened plasmodial form, the syncytium, or retain their primary 
cubical or polyhedral shape, the so-called zellschicht of Lancuans. 

Taking this view, the difficulty experienced by so many observers, in assigning 
a separate origin for the two varieties of cells found in this condition, vanishes. It is 
evident that, as in the early villus, the pressure of the blood, and possibly some chemi- 
cal action of its plasma, can convert the polygonal cells of the trophoblast into a flat- 
tened condensed mass of syncytium, so, later in its history, the blood laden with some 
toxic element, can so act on the chorionic epithelium undergoing malignant prolifera- 
tion, as to cause condensation and formation of syncytial masses in precisely the same 


way. 


PLATE XI 


Fic. 16 


Section of Chorion Carcinoma shewing 
involvement of maternal blood space 


Fic. 11 


Uterus with Chorion Carcinoma 


(Mrs. B.) 


Fic. 14 


Uterus laid open from behind 
(Chorion Carcinoma) 


PLATE XII 


Pic. 12 Fic. 13 


Vesicle embedded in Muscular Wall of Uterus. Vesicle embedded in Muscular Wall of Uterus. 


Pics 115 


Section ot Chorion Carcinoma. 
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It would appear from all the sections I have examined, that it is essential, both 
for the normal growth and malignant proliferation of the syncytium, that it be in 
immediate contact with maternal blood. 

As shewn by Perers in his specimen, the trophoblast was intersected by blood 
spaces, communicating with the maternal sinuses, and on following the syncytium 
through all the stages of its existence, it is seen to be surrounded by maternal blood, 
not only normally in the placenta, but also in vesicular mole. Naturally, one would 
expect to find the same conditions existing in the malignant degeneration of the chorion, 
and they do, for in every place where syncytium is found, blood is also found in the 
immediate vicinity, not only in the primary focus, but also most markedly in the 
secondary deposits. 

The presence of the smaller more discrete cells of LLanGHAms appears to 
be by no means constant. Whether this is due to the uneven rate of growth or 
to the variations in the general blood pressure 1s uncertain, but it 1s interesting to 
note that in a number of the recorded cases, only one variety of cell is mentioned 
as composing the growth, and that invariably the syncytium. 

This is another argument in favour of both cells having a common origin 
in the trophoblast, seeing that, at any stage of its existence, the latter may be con- 
verted into syncytial masses. 

Through the kindness of Dr. Humg, of Baltimore, I have had the privilege 
of studying sections of Wurrripce WILttaMs’ specimen, and have found it to agree, 
both in the primary and secondary growths, with the appearances described in my 
second case. 

The first case supplies its own proof, since the connexion of the degenerated 
villi with the malignant tissue is actually observed under the microscope, the two 
varieties of cells being seen iv sifu not only attached to the villus, but pene- 
trating far and wide into the muscular coat and blood vessels of the uterus. 

It has been allowed by all those who have hitherto disbelieved in the foetal 
origin of this disease that, if it can be shewn that the elements comprising the 
tumour are chorionic, the required proof will be found in the study of vesicular 
mole. It is on these lines that I have tried to trace the life history of these cells, 
from the trophoblast of the ovum in its earliest stages to its later development, as seen 
ina fully-formed villus and in the benign and malignant growths found in vesicular 
mole and chorion carcinoma respectively. 

It has been objected by many English and American writers, that this 
condition should be regarded as a rapidly-growing sarcoma, developed during 
pregnancy, and shewing unusual changes due to the genetic influence of that 
state. 

While quite prepared to admit that such sarcomata may exist, and shew 


characteristic changes due to the influence of pregnancy, it has still to be proved 
WwW 
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that the many cases described as ‘Deciduoma Malignum’ really do belong to that 
class, especially when the microscopic findings, as shewn by photo-micrographs, 
etc., shew structures which are obviously of foetal origin. 

One observer alone suggested that the tumour arises from foetal connective 
tissue. 

GorrTscHALK, in recording a case where the disease developed after an abortion 
at the sixth week, described the condition as a sarcoma of the stroma of chorionic 
villi. The plasmodial layers, although seen to be in an active state of prolifera- 
tion, budding not only into surrounding tissues but also into neighbouring blood 
vessels, he regards as unaltered by disease, and maintains that the malignant 
change affects the connective tissue of the stroma only. 

In the light of our present knowledge, this explanation falls to the ground, 
since a malignant growth of the stroma could not give rise to proliferation and 
metastasis of the syncytium. 

Marcuanp believes this condition to be a carcinoma of structures arising from 
the foetal ectoderm, and Wurtrrpce Wittams, although leaving the origin of the 
polymorphous cells an open question, regards the syncytial masses found in his 
specimen as arising from chorionic villi, and, therefore, of foetal origin. 

In conclusion, | may add that VrrcHow made an invaluable discovery when 
he found that every tumour had a physiological prototype, a -statement that may 
well be applied to the disease we have described, since chorionic elements are found 
normally during the period of pregnancy in close connexion with the maternal 
tissue, and have been shewn by recent observers to have the power of reaching 


distant parts of the body, without producing any untoward results. 
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ON A CHARACTERISTIC ORGANISM ASSOCIATED 
WITH CANCER OF THE BREAST 


By KEITH W. MONSARRAT, F.R.C.S.E. 


SURGEON TO THE NORTHERN HOSPITAL, LIVERPOOL 


N this paper an account is given of certain researches, part of a series conducted 
I during the last five years on the subject of carcinoma. These researches have 
been confined to one clinical type of cancer, that affecting the female breast. 
Although it is possible that the cause of cancer is universally one and the same, 
arguments to the contrary can be adduced, and research is simplified by narrowing 
its limits. The following are the subdivisions of the paper :— 
1. Previously reported research. 
2. The method of examining the growths. 
3. The morphology of the organism isolated. 
4. The histology of the growths examined and the culture results obtained 
from each. 
5. Commentary. 


L PREVIOUSLY REPORTED RESEARCH 


In a paper read before the Royal Society on December 14, 1899, an account 
was given of certain organisms isolated from carcinomata of the breast and_ uterus. 
They were classed as blastomycetes. They were isolated on glucose agar ; other 
media were employed, but growth occurred on the glucose agar medium alone. 
Subcultures were obtained on wort agar and potato, and in wort bouillon and 
neutral bouillon, and their characteristics described. A special method of staining 
the organism in the tissues was described, and its morphological characters 
summarized as follows :—‘ Fresh specimens from cultures are spherical, from four 
to ten microns in diameter, and in most cases take an aniline chromatin. stain 
diffusely. There is, however, a great variety in the distribution of the chromatin ; 
it is sometimes aggregated to one pole, sometimes divided up at different parts 
of the cell, and in other cases it is represented by a few isolated granules. The 
capsule is delicate. Multiplication in cultures takes place by budding. 

‘In the primary growths produced by intraperitoneal inoculation of the 


organism, the latter is also in most cases spherical, possesses a delicate capsule, 
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and multiples by budding. Two peculiarities are, however, to be seen : firstly, 
in many cases delicate processes connect adjacent specimens of the organism ; 
secondly, the capsule is often thickened and forms a kind of ‘halo’ round the central 
deeply-staining body of the cell. 

‘In the nodules in lungs, liver, spleen, and kidneys, which are secondary 
to the growths in the peritoneum, in addition to the forms already described, spore- 
bearing forms are found. In these the capsule of the cell is much thickened, the 
chromatin of the cells breaks up irregularly, and portions are allowed to escape 
through dehiscences in the capsule. There is no regularity in the process, no 
simultaneous division of the cell contents into a definite number of spores, and 
no simultaneous shedding of the same. The spores are without capsule when 
shed, and are irregular in contour. They stain deeply with chromatin stains, and 


are finely granular.’ 


Il. THE METHOD OF EXAMINING THE GROW @HS 


The tumours, the examination of which is described in this paper, are seven 
in number. In regard to Nos. 1 and 6, I was not present at the operation, but the 
tumour was in my hands within an hour and within two hours, respectively, after 
removal, and was conveyed from the operating theatre to the laboratory in sterile 
coverings. With regard to the other tumours, I either removed them myself or was 
present at the operation. Immediately after removal, each was wrapped in sterile 
gauze, outside of which was placed one or more sterile towels. I then brought it to 
the laboratory, and, after sterilizing my hands and instruments, I removed the cover- 
ings so as to expose the deep surface of the mass ; the skin surface remained down- 
wards in contact with the sterile coverings. With a knife or spatula heated in the 
flame the surface was then seared, and incisions made into the tumour. Small 
portions were then removed and immersed in the fluid media or rubbed over the 
surface of the solid media. Scrapings of the cut surfaces were also taken with the 
platinum loop and inseminated in the same manner. 

With regard to the examination of the animals inoculated: immediately after 
being killed or as soon as possible after death, the abdomen was shaved and scrubbed 
for some minutes with lysol (4 per cent.) The peritoneal cavity was then opened, 
and either the whole or parts of the organs affected removed and placed in sterile 
petri dishes. The surfaces of the organs were then seared with the heated spatula, 
and incisions made into the lesions. From the latter, pieces or scrapings were re- 
moved and inseminated. All manipulations were carried out as rapidly as possible. 
The tubes were in all cases incubated at 37° C. 

| have employed the following media :—nutrient broth, nutrient agar, milk, 
glucose broth (4 percent.), glucose agar (1 per cent.), lactose agar (1 per cent.), ascitic 
fluid, ascitic fluid broth, ascitic fluid agar, ascitic fluid glucose broth, human blood 
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serum, human serum with -2 per cent. glucose, and a medium prepared from car- 
cinoma material with 2 per cent. peptone added. 

In three of the four cases in which positive results were obtained, I used 
glucose broth, glucose agar, and milk alone. In one case, the organism developed 


in ordinary nutrient broth. These are the only media in which growth occurred. 


ii PAE MORPHOLOGY OF THE ORGANISM ISOLATED: 


The following description is based upon the study of the organism (a) in 
the primary cultures obtained from the tumours, and in subcultures from these, 
(2) in the cultures obtained from the lesions produced in animals, and in sub- 
cultures from these. 

In the chapter which follows this, I shall describe in what way, and by the use 
of what methods the various types of the organism have been found associated with 
the several growths and animal lesions. 

For the sake of clearness in description, the forms under which the organism 
occurs in cultures are here divided into two main types, A and B. ‘These types are 
directly related, and are merely two phases in the life history of the organism. Their 
separation is artificial, and based only on morphological grounds. It is also for the 
sake of clearness and simplicity in description that I first take type A, a form of the 
organism which does not appear in the cultures isolated in the first instance from the 
tumours, and secondly, describe type B, which is the form which occurs in these 
cultures. 

The following is the order of description :— 


1. The morphology of type A. 


iw) 


The method of reproduction of type A. 
3. The morphology and development of type B. 


4. The macroscopic appearances of the cultures. 


1. THe Morpuotocy or Type A 


The following description is derived entirely from fresh undried specimens, 
unmounted. Cultures on solid media are prepared by placing a drop of water on 
the slide, giving this a slight tinge with the stain employed, and placing in the 
drop a particle of the culture. In the case of fluid cultures, a loopful is taken and 
lightly coloured. A cover glass is then placed on the drop, and the specimen 
examined immediately. Dried preparations give in most cases what have been 
ascertained to be quite unnatural appearances, and to some of these reference will be 
made later. 

(2) Shape. Living specimens are spherical, oval, and lemon-shaped ; in old 
cultures are found crenated forms and other irregular types. Actively-growing 


forms in young cultures are alli spherical. 
x 
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(4) Size. The size varies between 4m and 8u in diameter. In certain 
cultures there are specimens larger than this (circa rom) ; such forms occur in old 
cultures and in cultures which are degenerate and showing no tendency to develop. 
Many of these large forms are ruptured, and are in reality but empty capsules. 

The maximum and minimum diameters given, 4u and 8«, represent the limits 
of the size of the type in healthy recent cultures. 

(c) Structure. There are two chief varieties of type A present in all cultures in 
varying proportions. 

The following descriptions are of cultures all stained with methylene blue* 
(Plate SO hiss. ande2) 7 

Variety 1. ‘The organism possesses a capsule which 1s very delicate in most 
specimens, but in older cultures it is denser and possesses a double contour. Within 
this is a delicate cell network and nucleus, both of which are with difficulty made 
out. The whole cell either remains colourless or takes a diffuse pale rose colour, 
and neither cell network nor nucleus are chromatophylous. 

In the majority of specimens are one or more highly refractile granules. They 
usually take no stain, but occasionally take a dense blue. 

These granules in young cells are scattered in different parts of the interior, 
but in other cells are collected into a spherical or oval mass, situated in the centre or 
slightly eccentrically. 

In these cells, with central mass of granules, no cell network outside this mass 
can be seen, nor a nucleus distinct from it. Vacuoles are seen in many of the cells, 
especially in older cultures ; occasionally these contain a refractile granule, either 
motionless or exhibiting active ‘dancing’ movements. 

Variety 2. This variety shews a definite capsule of varying density. Within 
this is a mass of finely granular protoplasm which takes an intense blue colour. This 
intensely coloured protoplasm may either completely fill the interior of the cell or 
may present itself as a spherical mass, with an uncoloured ring of apparently structure- 
less protoplasm between it and the capsule. At or about the centre of this granular 
chromatophylous protoplasm a nucleus can be distinguished. 

As already stated, both these varieties are to be seen in all cultures. 

In young glucose agar cultures variety 1 is almost exclusively seen, specimens 
of variety 2 are fewin number. In young glucose broth cultures the two varieties occur 
about equally innumber. In glucose broth cultures, four days old and onward, variety 2 
is the more-common ; in such cultures there is always a sediment, and in this sedi- 
ment growth variety 2 predominates to a greater extent than in the suspended part 
of the culture. 

If dried coverslip preparations of the organism are made and stained, certain 


peculiar appearances are obtained. In the process of drying, the organisms 


* Methylene Blue, 4 grms., Sod. Bicarb., 2 grms., Water, 400 c.c. 
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run together in clumps, and are faceted against each other. The protoplasm of the 


interior shrinks away from the capsule and presents various irregularities of shape. 


2. Meruop or Repropuction oF Type A 


Both of the above described varieties exhibit a method of multiplication by 
budding (Plate XIII, Fig. 1). In the case of variety 1, the method is as follows:—The 
bud appears first as a slight bulging of the capsule ; this gradually becomes more 
distinct ; the interior of this projection appears to be homogeneous in structure. As 
it develops it assumes a spherical contour, and its capsule is derived from the 
unbroken capsule of the parent. When near to full formation an intracellular net- 
work is to be distinguished, and when the parent cell possesses scattered refractile 
granules, one or more usually appear in the bud. I have not been able to distinguish 
any process of karyokinesis of the parent cell nucleus. Separation of the bud goes 
on gradually ; it may be delayed until a series of three or more is formed. When 
young cultures are kept at the room temperature these chains are not formed, but 
single daughter cells are produced and separate off; if such cultures are incubated at 
37° C. the process is active, and a single parent cell may exhibit two or more buds, 
forming simultaneously in different stages towards separation. In the description of 
variety I, it was stated that in older cultures many of the cells shewed an aggregation 
of refractile and deep blue stained granules at the centre; this type of cell rarely 
shows bud development, but in buds produced from these cells there is a gradual 
division of this nucleus-like granular mass which progresses with the formation of 
the bud ; a portion eventually becomes completely separated off and basses into the 
bud. In the case of variety 2, the bud produced may possess either characters 
similar to those of the parent, or the characteristics of variety 1. In the latter event, 
the process of formation is similar to that just described, except that the capsule of 
the bud is not simply derived by distension from the complete capsule of the parent ; 
the outer layers of the capsule of the parent cell are ruptured, and the bud is projected 
out with a covering derived only from the inner layer or layers. When this variety 
2 produces a bud resembling itself the process is essentially similar to the budding 
of variety 1. The interior of the bud is granular, and takes a deep blue colour, and 
it may derive its capsule from the whole or from part only of the parent cell capsule ; 


in many cases the latter is so delicate that it can be distinguished only with difficulty. 


2A. ON aA CERTAIN PROcEsS OBSERVED IN GLucosE BrotH CuLtureEs oF Type A 


When a fresh glucose broth culture of A is made by inseminating a particle 
of glucose agar culture, after twenty-four hours’ incubation there are present forms 
which exhibit the following process :—At a single point in the capsule there is to be 
seen a minute dehiscence or micropyle, and through this the granular contents of 
the cell are being protruded. The cells which shew this process possess a well-marked 
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and sometimes dense capsule, and the interior structure is of that form, in which there 
is a central or somewhat eccentric mass of aggregated granules (Plate XIII, Fig. 3). 

The protruded material is either in the form of discrete spherical granules or 
of very delicate fibrillar material, in which granules are entangled. The granules thus 
discharged may be either deeply stained blue, when methylene blue is used, or 
may be uncoloured and highly refractile. The micropyle is distinctly seen as a minute 
channel, on the one hand, continuous with the central granular interior of the cell, 
and on the other, with the exterior through a stoma on the surface. The cells exhibiting 
this process are, many of them, pear-shaped, being somewhat distorted in the direction 
in which the extrusion is taking place ; the outline of the interior and the extrusion 
may be compared to the core and the stalk of the pear. This distortion is not, how- 
ever, common to all discharging forms. The continuity of the extruded granular 
material and the granular material in the centre of the cell, through the micropylon, 
is definitely seen. 

If the same culture is examined at the end of forty-eight hours’ incubation, 
it is characterized by the large number of cells which shew this process of extrusion 
(Plate XIII, Fig 4). The extruded material is, in most cases, still attached to the cell 
by its stalk, but there are also free in the culture small masses of spherical granules. 
These masses of small spherical granules have the appearance of minute cocci of vary- 
ing size, connected together by intercellular fibrillar material. I use the term coccus 
in a descriptive sense only. 

After seventy-two hours’ incubation (Plate XIII, Fig. 4), there is present in the 
culture an increased amount of this small coccus-like growth ; the individual cells 
of this are spherical, and take a deep blue colouration with methylene blue. The 
large cells from which extrusion has taken place are much vacuolated and without 
granules. The free granules occur singly, in pairs, and in groups, and shew a larger 
average size than those in the earlier cultures. 

I have examined many of these glucose broth cultures after more prolonged 
incubation, but, except in two instances, have been unable to determine any further 
development of this growth of small spherical granules. When such cultures are 
plated on glucose agar colonies of A develop after three or more days, according to 
the age of the culture, but, with the exception of the two occasions which 1 have 
just mentioned, no colonies of any other type. On these two occasions there 
multiplied in the glucose broth cultures of A an organism of a type much smaller 
than the A specimens, spherical and oval in shape, and from su to 3m in 
diameter ; these organisms were abundant in the cultures, and when plated on glucose 
agar developed as separate colonies after twenty-four hours’ incubation at 37° C. 

Example 1. Glucose broth culture inoculated May 16; plated June 1 on 
glucose agar; colonies of the small type alone developed ; microscopically in the 


glucose broth both the small type and the A type were seen, the former abundant. 
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Example 2. Glucose broth culture inoculated May 31; plated June 22 on 
glucose agar ; colonies of both small type and of the A type developed.  Micro- 
scopically the glucose broth culture shows the presence of both types, the small 
type being abundant. 

These are the only two examples, as I have already stated, of the separation 
of a small cell type of organism from cultures of type A. On the other hand, I have 
had many examples of the development of a similar small cell type when cultures of 
A are inoculated into animals. 

I take one example of this from my previous paper :— 

1. Guinea-pig inoculated intraperitoneally with organism of A type.  Pos/- 
mortem lesions found in peritoneum, spleen, liver, lungs, and kidney. In these lesions 
groups of organisms are seen, which consist of A forms surrounded by a small type 
of organism in large numbers. Such a group is shown in the photograph (Fig. 2, 
Plate XIV). 

The following examples are from the present series of observations :— 

2. Guinea-pig inoculated, April 9, 1900, with pure culture of A. Killed 
April 24. From the lesions a small cell type of organism isolated in pure 
culture. 

3. Guinea-pig inoculated, February 6, 1903, with pure culture of A. Killed 
February 17. From the lesions a small cell type of organism isolated in pure 
culture. 

4. Guinea-pig inoculated, February 10, 1903, with glucose broth culture of 
A. Killed March 6. From the lesions, colonies both of A and of a small cell 
type separated. 

5. Guinea-pig inoculated, June 4, 1903, with glucose broth culture of A. 
Killed June 12. From the lesions glucose broth cultures show a few A forms, but 
the greater amount of the growth consists of a small cell type. These cultures were 
plated, and colonies of the latter alone developed. 

6. Guinea-pig inoculated, June 4, 1903. Killed June 16. From the lesions 
glucose broth cultures were recovered, which showed, microscopically, both A forms 
and a small cell type form. Glucose agar plates show numerous colonies of the latter 
after twenty-four hours’ incubation at 37° C. After forty-eight hours a few A colonies 
also developed. 

This small cell type of organism, thus isolated in two instances from cultures 
of A in vitro, and in many instances from the lesions produced by the inoculation of 
A, shows constant morphological characteristics, and a mode of further development 
uniform in all cases. 

It ts an organism identical with this in type and characteristics that I have isolated 


Jrom the tumours examined. 
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The circumstances attending its development in cultures directly derived from 
the carcinomatous tumours will be given in detail in the following chapter ; although, 
as will be seen, in one of the cases A forms were also present in small numbers in 
the primary cultures obtained trom the tumours, this small cell type, which I shall 
in future call type B, is the type to be associated with these primary cultures, and 
type A usually appears later as a result of the inoculation of type B into animals. 

I have said that I have isolated the small cell type under three different sets 
of circumstances :—- 

1. From cultures of A in vitro. 
2. From animal lesions produced by the inoculation of A. 
3. Direct from the carcinomatous growths. 
The characters of the growth being similar under all these circumstances, the 


following description of type B is common :— 


3. THe Morpuoirocy anp DeveLopMEenT oF Typz B 


Cultures examined microscopically in the fresh state show an organism for the 
most part spherical in form ;.there are, however, present, especially in primary 
cultures from the growths, other shapes, 7.e., oval and club-shaped forms. The size 
of the spherical forms varies from that of an extremely minute granule to an organism 
36 to 4m in diameter. The cultures all show marked viscidity, and the 
organisms are seen microscopically in masses and clumps, with a large amount of 
intercellular material connecting them. When stained with methylene blue these 
masses have a very characteristic appearance ; the dark blue organisms stand out in 
a field of intercellular fibrillar material, which takes a reddish to red purple colour. 
The oval and club-shaped forms occur indiscriminately among the spherical forms in 
the clumps ; they are more marked in some than in other cases. If cultures of B 
procured from either of the abovementioned sources are studied in subcultures, it is 
seen that the average size of the organisms tends to become slightly smaller and more 
uniform, and the oval and club-shaped forms disappear. 

When inoculated into animals, type B_ usually undergoes important modifica- 
tion. Cultures which have not been carried through more than two or three 
subcultures in vitro are pathogenic to guinea-pigs and dogs, and produce in these 
definite lesions ; cultures which have passed through several generations lose patho- 
genic activity, and this loss of pathogenicity occurs especially early in the case of the 
cultures derived directly from the carcinomatous tumours. In rabbits I have not 
observed the development of any definite lesions after intraperitoneal inoculation of 
B, but when cultures are inoculated intravenously the organisms can be again recovered 
trom the blood in a form which shows modification from the type injected. 

B has, therefore, been studied as recovered from the lesions produced in 


guinea-pigs and dogs, and from the blood of rabbits inoculated intravenously. The 


| 
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changes which it has shown have varied according to the circumstances attending its 
inoculation, and the following examples are illustrative :— 

1. Guinea-pig inoculated intraperitoneally with B culture from a carcinoma 
on February 6, 1903 ; cultures recovered February 16, showing an organism of larger 
average size than that inoculated and with a greater variety of shape (Fig. 4, Plate XIV), 
the shapes noted being spherical, oval, oblate-spheroid, club-shaped, and forms of 
great length, with club-shaped extremities ; some of the large spherical forms are as 
large as the specimens seen in cultures of A. 

2. Guinea-pig inoculated, April 6, 1903, with B culture from carcinoma, 
Killed May 4. Organism recovered of larger average size than that inoculated, and 
shews a mycelium-life development. This culture was inoculated intravenously into 
a rabbit on June 2, and recovered from the blood on June § by introducing °5 c.c. of 
blood in 2 ¢c.c. glucose broth. In these cultures the mycelial growth was marked, 
the individual organisms forming the mycelium were of large average size, and the 
largest shewed the characteristics of type A. A was not, however, isolated as a 
separate growth from the cultures. 

3. Guinea-pig inoculated, November 27, 1902, with culture from carcinoma 
of type B. Killed January 1, 1903. From the lesions there were recovered cultures, 
which consisted in part of type B of larger average size than in the injected culture, 
but also abundant growth of typical type A forms. From these cultures both 
B colonies and A colonies were isolated on glucose agar plates (Fig. 2, Plate XIV). 

The changes which have been observed in the two types A and B, and the 
relations between the two types, in so far as they have been traced, may be diagram- 


‘matically shewn. 


1. Atype. 2. (?) Intermediate form from which B develops. 3. B type. 4a and 4p. 
B as modified in animals. 5. Form resembling A, seen in 4 and 4a cultures. 
2a. Budding form. 3a. Bud separated, which resembles 5. 


In regard to this diagram there are two stages shewn which require comment, 
2 and 4 (a and Bs). To take the latter first, it has not been shewn that B in its 
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evolution towards A, must necessarily pass through the forms which are shewn as 4a and 
4B; it may be that the mycelium-like growth and the diverse forms of 4a are rather 
involution-like forms of B than an essential stage in its development. With regard 
to stage 2, I have been unable up to the present, to decide it with certainty. In the 
description of type A, a process has been given in detail, which is to be observed in 
glucose broth cultures, which results in the extrusion of minute granular forms from 
the A forms. As has been already stated, this granule growth has not been seen in 
these cultures to develop to more than a very limited extent, and in the great majority 
of cases, no colonies develop, except colonies of A, when such cultures are plated. 
The two exceptions have also been related. Under the circumstances, I am not able 
to state that this process of dehiscence and extrusion is a real phase in the life history 
of the organism, and the question must be left for further study. 

In my previous paper I described a process of sporulation to which I have 
referred in Chapter I of this paper. In the series of observations which I am now 
reporting I have not seen this process with the same clearness, but the process of 
dehiscence and granule extrusion resembles it, though it does not reproduce all its 
characteristics. Therefore, although there is evidence pointing to the fact that stage 
two is represented by a spore-producing form, yet for the present this is inconclusive. 
In the last place, I wish to refer back to the statement above, that the cultures of 
type B which obtained from the tumours are identical in character with those of type 
B obtained from the lesions produced in animals by the inoculation of type A. This 
statement is based on the facts (1) that the naked eye appearances of the cultures on 
the ordinary media are alike ; (2) that microscopically they possess the following 
characters in common :—The specimens are very variable in size in single cultures ; 
the groups show marked polymorphism and many different shapes ; this poly- 
morphism is most marked in first cultures from the tumours or animal lesions, and 
in subcultures there is a species of reversion to a spherical organism which varies 
chiefly in the size of the specimens ; mycelium-like growth develops in each case 


under certain circumstances. 


4. Macroscopic APPEARANCE OF THE CULTURES 
Tyre A 


Glucose agar. In twenty-four hours abundant white growth along the needle 
track on sloped media; becomes heaped up along this track, and develops a yellowish 
and later a yellowish-brown colour. 

Glucose gelatine. Slow, but abundant, development. of dense white growth 
along the needle track and on the surface of stab cultures. No gas formation in the 
medium. 

Potato. Yellowish-white abundant growth, develops as a broad heaped-up 
streak with crimped edges. 
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Nutrient agar. Scanty white growth in stroke cultures, becoming slightly 


yellow in old cultures. 

Nutrient broth. Slow development of growth, which first appears after three 
days as a slight sediment. 

Glucose broth. Abundant growth after twenty-four hours’ incubation, partly 
as sediment and partly suspended. Older cultures, three days, shew plentiful 


sediment growth, with supernatant fluid almost clear. 


Tyre B 
Glucose agar. Grows as a whitish-yellow translucent streak along needle 
track on sloped medium, with discrete spherical colonies alongside streak in some 
cases. Culture is extremely viscid, and, in some cases, can be peeled off the surface 
like a membrane. 
Glucose gelatine. In stroke cultures grows as a pearly-white streak ; in stab 


cultures a feather-like erowth along the needle track. No gas formation. Culture viscid. 


Potato. WVhitish-yellow ribbon-like growth ; very viscid. 

Glucose broth. \n most cases grows readily ; in twenty-four hours, at 37° C., 
causes a general cloudiness in the medium ; after three days there is also slight 
sediment growth. 

Both types of organism were cultivated in a 2 per cent. solution of glucose 
in ordinary tap-water. Type A developed readily, type B scantily. In _ neither case 


did alcoholic fermentation take place. 


IV. THE HISTOLOGY OF THE GROWTHS EXAMINED AND 
Tk CULTURE RESULTS OBTAINED FROM EBACE 


1. On April 5, 1900, a tumour from the breast of a young woman was kindly 
sent to me by Mr. F. T. Paut. Sections showed a highly cellular carcinomatous 
growth ; the cells of large size in masses and columns ; there was very little fibrous 
over-growth between the cell masses. 

The tumour was examined in the manner described in Chapter II ; the media 
employed were ordinary nutrient broth and nutrient agar. After three days’ incuba- 
tion, slight sedimental growth was seen in two of the nutrient broth tubes. This 
consisted of organisms with the following characters : groups and masses of spherical 
forms with a fine intercellular faintly staining fibrillar material between the individual 
specimens ; the latter varied in size from that of an exceedingly minute granule to a 
cell with a diameter of about 4. In dried coverslip preparations the organisms 
stained readily with methyl violet ; the smaller specimens deeply, the larger less 
intensely. 

Subcultures were taken from these in glucose broth and nutrient broth and 


on to nutrient agar, glucose agar, blood serum, and nutrient gelatine ; no growth 
© = 
»¢ 
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developed on the solid media, but further cultures were obtained in the nutrient 
broth, and to a less extent in the glucose broth. These subcultures were of the 
same type as the primary cultures, except that the. size of the organisms did not vary 
to such an extent ; the proportion of the minute to the largest specimens in the 
original cultures was about 1: 153 in the subcultures about 1: 8. 

Only one series of subcultures of the growth was obtained, and the organism 
thus rapidly lost vitality in the media employed. 

Inoculation experiments were made into guinea-pigs and dogs. The histology 
of the lesions thus produced will form the subject of a later communication, and I] 
confine myself here to the facts which have to do with the life of the organism. 

On April 9, a guinea-pig was inoculated intraperitoneally with primary broth 
culture, and on May 11, a second was similarly inoculated with subculture from 
this. Both animals were killed, the first on May 1, the second on June 83 in 
both cases nodules were present, distributed generally throughout the peritoneal cavity, 
and in the spleen, liver, lungs, bronchial, and mesenteric glands. From these nodules, 
endeavcurs were made to obtain cultures, and from those in the animal killed on 
May 1, cultures grew on glucose-agar, but none were obtained from the second animal. 
The cultures obtained from the first animal were identical in appearance with that 
injected. 

On further injection of these cultures, no lesions resulted in guinea-pigs, and 
a similar negative result was obtained with all subcultures of the original culture, with 
the exception mentioned above. 

The nodules on the peritoneal surfaces just described were broken up with 
pestle and mortar in normal saline solution, and injected through a series of animals, 


as shewn in the following table :-— 


Guinea-Pic 1 Guinea-Pic 2 
(Inoculated, April 9. Primary (Inoculated, May 11. Primary 
culture. Killed, May, 1). culture. Killed, June 8). 
Nodules. Nodules. 


| 


Guinea-pig. Inoculated, May 1. Guinea-pig. Inoculated, May 1, 
with emulsion. Killed, May with emulsion. Killed, June 
28. Nodules. 7. Nodules. 


Dog. Inoculated intraperitone- 


ally, ee ; Killed, June Guinea-pig. Inoculated, Guinea-pig. Inoculated, 
eek tn) a eeeg June 7. Died, June 16. June 7. Died, June 19. 
Spleen and liver. Nil. Nil 


Guinea-pig. Inoculated June 29. 
Emulsion. Killed, August 8. 
Nodules omentum. Liver, 
spleen. 


Dog. Inoculated in mammary 
gland, August 8. Nodules 


in mamma and spleen. 
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Thus the nodules produced in the guinea-pig inoculated on April 9, 1900, 
and subsequently in another animal on May 11, were transplanted through four other 
animals in series. In each case, attempts were made to recover cultures from these 
nodules, but unsuccessfully. 

Scrapings from the peritoneal nodules in guinea-pigs were examined fresh in 
hanging-drop preparations ; there were seen in these, two types of cells which were 
distinguishable from the connective tissue and blood cells. The one type was of 
large size, an average of about 54 with distinct capsule, and containing in the interior 
one or more refractile granules ; the second type was a small spherical organism 
about the size of a minute coccus. 

2. On November 24, 1902, 1 obtained a tumour from the breast of a 
pregnant woman, aged thirty-three ; she was five months advanced in pregnancy, 
and the growth was of rapid development. The parenchyma of this carcinoma con- 
sisted of large cells with large oval nuclei, arranged as branching columns in a 
fibrous stroma ; in the interstices of the stroma were numerous infiltrating round 
cells. In parts adjacent to the carcinomatous growth the breast shewed a condition 
of mastitis, the fibrous stroma being increased and infiltrated with round cells in 
large numbers, the ducts and alveoli were dilated. The media used in the examina- 
tion of this tumour were milk and glucose broth ; the method of examination was 
that described in Chapter II. Within forty-eight hours there was a general turbidity 
in most of the tubes of glucose broth ; microscopic examination shewed this to 
consist of organisms of type B, as described in the preceding chapter, that is to say, 
spherical organisms of very varying size, in masses and groups, with a considerable 
amount of filamentous material connecting the individual specimens in the masses. 
Inoculations of these cultures were made into guinea-pigs as follows—five cultures 


being employed :— 


Inoculation Killed Result 
a. November 27 ...| December 30 Nil 
b. November 27 ...| January 1 Lesions 
b, December 8 (dog) ...). March 17 Lesions 
c. November 27 eel December 30 Nil 
d. December 5 ...| January 5 Nil 
e. December 5.. January 5 Lesions 


Thus of five cultures two only produced lesions in guinea-pigs on intra- 


peritoneal injection ; the inoculation of the dog was made into the mamma. 
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From the three animals, cultures were obtained as follows :— 
1. Guinea-pig. Culture types A and B. 
2. Dog. Culture type B. 
3. Guinea-pig. Culture type A. 
The culture marked 4 in the table above was further injected into animals as 
follows :— 


Animal Inoculated Killed Result 
I. Guinea-pig January 26 February 4 Nil 
2 do. February 6 | February 16 Lesions 
Bs do. February 6 February 17 do. 
4. do, February 6 February 19 do. 
So do. February 23 March 27 do. 
6. Rabbit ‘February 23 April 27 Nil 


From the animals, 2, 3, 4, and 5, in only one case were cultures recovered, viz., 
number 2. These presented certain peculiarities ; there were present organisms of 
type A, also in large numbers, rod-shaped, club-shaped, and ovoid forms (Fig. 4, Plate 
XIV), and thirdly, forms corresponding to type B. A second peculiarity of these cul- 
tures was that in subcultures the organisms belonging to type A disappeared, also the 
involution (f) forms and the growth consisted exclusively of organisms belonging to 
type B. 

The inconstancy of the results obtained in the inoculations of the:cultures in 
this case are remarkable. As seen in the second table, animals inoculated with the 
same culture, and even on the same day, gave contrary results. The only explanation 
for this inconstancy is the varying susceptibility of the animals used. 

3. On March 4, 1903, I removed the left breast of a woman, aged forty-two. 
The whole breast was indurated. Above and to the outer side of the nipple wasa nodule 
the size of a walnut, ill-defined. The right breast was also indurated and slightly 
tender. On microscopical examination the nodule referred to shewed a carcinomatous 
structure with branching columns of epithelial cells, the rest of the breast shewed 
marked hypertrophy of the interstitial fibrous tissue, with masses of inflammatory 
leucocytic infiltration. The investigation of the tumour was carried out in the 
manner described in Chapter II. In this case inoculations were made on to sloped 
glucose agar alone, by rubbing pieces of the tumour over the surface of the medium. 
Of ten tubes thus inoculated, after forty-eight hours’ incubation at 37° C, growth was 
plentiful in two, scanty but present in the rest. 
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The growth in all tubes was of type B, with the variations of shape marked, 
the shapes noted were spherical, oval, club-shaped, and spindle-shaped ; the organism 
grew in clumps and masses, and in some of these club-shaped forms were arranged 
in a rosette-like manner. 

The vitality of this organism in subcultures proved very limited, and glucose 
broth subcultures were obtained from one of the glucose agar cultures alone. These 


subcultures were injected into animals as follows :— 


Guinea-pig subcutaneously March g to March 27 Nil 
Guinea-pig subcutaneously March g to April 27 Nil 
Guinea-pig intraperitoneally March 10 to March 13 Lesions 
Rabbit intraperitoneally March 23 to April 28 Nil 
Guinea-pig intraperitoneally April 6 to May 4 Lesions 


Thus of two guinea-pigs inoculated into the peritoneal cavity, one, inoculated 
with a culture five days old, died in three days ; the second, inoculated with a 
culture thirty-three days old, was killed twenty-eight days later. 

On examination of the first, general peritonitis was found with yellowish-white 
nodules in the spleen and liver ; on examination of the second, similar yellowish- 
white nodules were found in liver and spleen, but no peritonitis. Cultures were 
recovered from both these animals ; those recovered from the first resembled the 
inoculated culture, but the club-shaped forms were more numerous, and, except that 
the average size was smaller, it was also similar to the cultures described on p. 175 
recovered in case 2 from the peritoneum of a guinea-pig. 

The cultures recovered from the second of the guinea-pigs was of type B as 
described. 

In the case of the first animal, the cultures recovered were of extremely low 
vitality, and further propagation was not possible, while those from the second 
animal grew readily. It was, therefore, possible to follow certain morphological 
changes which took place. in these subcultures. Those on glucose agar were of the 
usual B type, but those in glucose broth developed a mycelium-like growth of inter- 
lacing branches, the branches being composed of; individual organisms of shaped 
ovoid, spherical and oblate, jointed together ; this mycelial growth is described in 
Chapter III, p. 175, and the separation off of spherical forms resembling type A is 
there noted. 

4. On March 30, 1903, the patient above referred to as case 2, was again 
operated on for arecurrence of the growth. From the material removed, inoculations 


were made in the usual manner on glucose agar and into glucose broth. Growth 
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occurred in all tubes. The cultures were examined in the fresh state ; they consisted 
in all cases of growth of type B. As in the previous cases the growth shewed (a) the 
typical variations in shape, (4) the typical variations in size; the variations in shape 
were club-shape, spherical, oval, lemon-shape ; the variations in size ranged from an 
extremely minute spherical organism to club-shaped forms, 5 «in lengih. The organ- 
ism grew in clumps and masses. In the glucose broth cultures there were, however, 
organisms of type A, in small numbers ; they exactly corresponded to variety 1 of type 
A, as described in Chapter III. 

From these cultures no subcultures were obtained ; primary cultures were 
injected into two guinea-pigs ; one of these was killed by mistake three days after 
inoculation, when nothing abnormal was found ; the other was inoculated intraperitone- 
ally, April 6, and killed on May 13; nodules were found in the spleen, but the attempt 
to obtain cultures from these failed. 

In addition to these four cases, three others were examined culturally in the 
usual manner ; 1n one case, the cultures were contaminated with an organism appar- 
ently staphylococcus epidermidis albus ; in the other two cases, no cultures were 


obtained. 


V. COMMENTARY 


In the four cases recounted the cultures isolated had the following charac- 
teristictics In common :— 
ti. | bhe variations imesize. 
2. The variations in form. 
3. The appearance during culture or inoculation of a certain 
characteristic form described as A. 
The macroscopic appearance of the cultures. 
5. The pathogenic effect on animals. 

In case 1, the A forms were seen only in hanging-drop preparations from 
scrapings of the nodules; on the appearances seen in such scrapings not much 
reliance can be placed, and it is only by comparing drawings of the A forms observed 
in this case with the appearance of A isolated in cultures in the other cases that I 
was able to decide their presence with confidence. Many very peculiar forms are to 
be seen in such <crapings, and certain types of A are sometimes closely simulated by 
red blood-cells, leucocytes, fat globules, and nuclei of epithelial cells. The examina- 
tion of scrapings from normal tissues, lymphatic glands, spleen, and breast tissue, has 
convinced me that deductions from such preparations in the case of carcinomata are 
exceedingly liable to fallacy. 

Similarly, in the case of attempted culture by immersing pieces of carcinomatous 
tissue in fluid media, elements of the tissue become free and disseminated in the 


medium, and again may give rise to false deductions unless corrected by control 
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observations with pieces of normal tissue. I may instance one example: when blood 
is shed into a tube of glucose broth or ordinary broth, and an examination is made at 
the end of twenty-four hours, free spherical globules in large numbers are seen, which 
absorb aniline dyes and simulate organisms closely ; red blood-cells are also seen, from 
which the interior protoplasm has diffused through the capsule and is adherent to the 
latter in the form of globules, taking a deep chromatin stain with methylene blue. 

Case 2 is especially valuable in that typical A forms were found to develop 
in animals injected with B, while in one instance, the identical culture from which A 
forms developed in the animal, on subsequent injection as a subculture gave rise to 
what I have termed involution forms, the club-shaped and mycelium-like forms de- 
picted in Fig. 4, Plate XIV. 

Case 3 supplemented this observation by showing that the mycelium-like forms 
probably represented a stage in the development from B to A. 

Case 4 shewed that although B was the type to be specially associated with 
primary cultures, yet A might also be found in these primary cultures. 

Throughout the research the difficulties attending the culture of the organism 
have been illustrated, and also the manner in which the age of the cultures and the 
circumstances attending inoculation vary the results obtained by injection. 

I do not propose to discuss the significance of the association of this organism 
with these cases of carcinoma mammae. The morphology indicates that it belongs 
to the vegetable kingdom and is related to the lower fungi. It is of great interest to 
read in a recent communication by ALEssANpRI* that he has isolated from two cases, 
one a fibrosarcoma of the forearm, the other a spindle-celled sarcoma of the stomach, 
cultures which, in the first stage, contained large spherical and oval forms witha double 
contour, and later, in association with these, small bodies in pairs and groups resembling 
sarcinae. The short description given of these cultures resembles in certain respects 
the account of the organism which I have given above, although these were non- 
pathogenic to animals, and the relation of the small forms to the large was not ascer- 
tained. The research reported in this paper agrees with, but amplifies considerably, 
that reported in my previous paper. In conclusion, I wish to express my indebted- 
ness to my colleagues at the Northern Hospital, Mr. Harrisson and Mr. Murray, 
for placing material at my disposal, and to Professor Boycer, Professor Ross, and Pro- 


fessor Moore for kind criticism and advice. 


* Centralb. f. Bakter, Bd. xxxiii, No. 9g, p. 686. 
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DESCRIPTION “OF PEATES 


PLATES XIII 


Fig. 1. Culture of A in glucose Agar twenty-four hours old. Shews two chief varieties (1 and 2). 
Budding forms (3). 


Fig. 2.  Sub-varieties of A. Glucose broth three days old. 
Fig. 3. A forms shewing first stage of extrusion. Note escape of fine granules through micropyla. 


Fig. 4. A forms shewing further development of extrusion process. Note free spherical granules of 
larger size than in Fig. 3. 


A forms with B forms from glucose agar culture. 


ee 
oo 
at 


Fig. 6. Mycelium form. Note that free specimens are similar in type to A forms. 


PLATE XIV 
Fig. 1. Type B, from a culture isolated from case 2. 
Fig. 2. Type A associated with Type B, in the lung of guinea-pig. 


Fig. 3. ‘Type A associated with Type B, froma lesion in a guinea-pig, produced by the inoculation 
of B. 


Fig. 4. Type B, ‘involution’ forms. 
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‘TICK FEVER’ IN MAN 
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‘TICK FEVER’ IN MAN 


By CUTHBERT CHRISTY, M.B., C.M., Epin. 


LIVERPOOL SCHOOL OF TROPICAL MEDICINE 


OON after reaching the Uganda Protectorate in July, 1902, I was informed by a 
native that in Toro (Western Provinces) there was an ‘insect’ whose bite 
caused serious illness. He described it as a spider, and said that it came out 

of the ground. Upon instituting a search at one of the camping places, I had brought 
to me specimens of the tick figured in the accompanying plate. I subsequently 
discovered that this tick, known to the natives as the 67b0, was fairly common in 
Usoga, Uganda, Budu, German Central Africa, Toro, Unyoro, and at Waldelai on 
the Nile. It is most easily collected by searching the dust and straw on the floors 
of the huts erected for caravan porters, or the houses of the natives, though in these 
latter it is not so easily found when the floors are kept clean. Near Kampala the 
natives collected them for me around the bases of the verical supporters of the roof. 

Their colour when alive is greenish-brown (see Plate XV). The largest 
specimens are about 8 mm. long by 6 or 7 mm. broad. On the dorsal surface of the 
eight-legged adults are from four to six coloured spots. The ticks are flat when 
unfed, and have several deep furrows on the back, but when distended with blood these 
furrows are less evident. They bite at night, and fall of when gorged. They are 
frequently carried long distances in mats or bedding, or in porters’ loads which have 
been piled for safety in the rest-huts at night. Some specimens I collected at Fort 
Portal, in Toro, had been carried in bags of salt from Katwe at the north end of Lake 
Albert Edward, more than fifty miles away. 

The natives of the Protectorate, particularly in Toro, dread this tick, and know 
well the symptoms occasionally following its bite. In describing these, they invariably 
go through a pantomime indicative of vomiting, with painin the head and abdominal 
region. They say that the above symptoms may last for several weeks, but are never 
followed by fatal results. The great majority of natives are immune and suffer no 
ill effects from the bite, presumably having been immunized by previous bites. 

I examined several cases of illness amongst my porters and others, in 
which the above symtoms were prominent, without finding anything peculiar in the 
blood. The men in each case blamed the dzdo. 

The worst case was one of my servants, a Swahili from Mombasa, where 
there is no Filaria perstans. Six days before being taken ill he had, contrary to his 


usual habit, slept in a native hut at a camp where the tick was very abundant. His main 


188 - THOMPSON YATES AND JOHNSTON LABORATORIES REPORSS 


symptoms were violent headache, fever, constant vomiting, pain in the abdomen, and 
some purging. For atime I almost gave up hopes of his recovery, but.seven days 
after the onset he had nearly recovered his usual health. There was no enlargement 
of liver or spleen, or other physical signs that I could discover. 

On several occasions during the months previous to his illness, I examined 
this man’s blood without finding Fi/ariae. During his attack, and for a week after it, 
the blood examinations were negative. Two months afterwards, however, I again 
examined his blood, and found a Fi/aria perstans embryo. Subsequently 1 found two 
more. 

The distribution of the tick as I found it in Equatorial Africa, agrees to some 
extent with that of Fi/aria perstans, or at least with one of its sub-species ; and ina 
district near the north end of the Albert Edward Nyanza, where the 4760 was abundant, 
I discovered that, not only was a larger percentage than usual of the natives infected 
with Fi/aria, but their blood in very many cases was so full of perstans embryos that I 
could count a hundred and fifty or two hundred on one slide. 

From these facts, together with the apparently permanent immunity and other 
considerations, I have been lead to assume that the above-described symptoms, known 


amongst human diseases as ‘tick fever,’ a very different thing to the tick fever of 


gs 
cattle, are the result of a primary inoculation with Fi/aria perstans, by the tick known 
in Uganda as the dbo. In other words, | believe the tick here described acts as 
intermediary host for the Fi/aria perstans. 

As inoculation and sectional experiments cannot for some time be completed, 
and as the occurrence of ticks harmful to man has not, I believe, hitherto been re- 
ported from Uganda, I have thought it best to publish this note without further delay. 


I shall go into the subject in detail in a forthcoming publication. 


Mr. R. I. Pocock, of the British Museum, has kindly furnished me with the following 


note upon the specimens which I submitted to him for determination :— 


The ticks above referred to by Dr. Curisty are identical with those collected 
in Angola by Dr. Wetwitscu, which Anprea Murray described in 1877 as 
Argas moubata, stating that the essential difference between this species and the earlier 


described Egyptian Argas savignyi is the presence of the pale integumental spots, 


independently observed by Dr. Curisry, in the former—and well seen in a live 
specimen amongst those he has submitted to me. The specimens are also specifi- 
cally identical with examples in the British Museum, collected by Dr. Dowson at 


Tete, on the Zambesi. 
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The species is now known as Ornithodorus moubata. As 1 pointed out in 
1900, it may be distinguished from O. savignyi by the invariable absence of the two 
pairs of eyes present in the latter. Hence it has recently, but quite unnecessarily, 
been renamed by Neumann, O. Savignyi var. coeca. NEUMANN records it from the 
Transvaal, etc., so it is evidently widely distributed throughout Central and Southern 
Africa. Dr. Curisry’s discovery of the species in Uganda and his testimony as to 
its prevalence almost throughout the country comes as a surprise after the statement 
in Jounston’s ‘ Uganda Protectorate’ that he did not remember ‘ having encountered or 
heard of that poisonous tick,’ with which he was well acquainted on the Zambesi. 
It is an interesting fact that the testimony of Drs. Livincsrone and Wetwirscn, 
Sir Joun Krrx, Dr. Dowson, Dr. Danizts, and Sir Harry Jounsron, with respect 
to the sickness which follows the bite of this tick, both in Angola and British Centra! 
Africa, has been independently confirmed by Dr. Curisty, who, at the time, did not 
know that the di40 of Uganda is identical with the moubata, tampan, and carpato of the 
Zambesi watershed. Jam not aware that the allied species O. Savignyi, which has 
been recorded from Egypt, Nubia, Abyssinia, Somaliland, British East Africa, etc., 
shares the bad reputation of O. moubata. The geographical areas of the two species 
overlap. Hence, without the examination of actual specimens, it would be impossible 


to say which of the two species is involved in any given case of ‘ tick-fever.’ 
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BLACKWATER FEVER 


By J. W.-W. STEPHENS, M.D., Canvas. 


WALTER MYERS LECTURER IN TROPICAL MEDICINE, LIVERPOOL 


[j= THE DISTRIBUTION OF BLACKWATER FEVER 


NE of the commonest objections urged against the malarial origin of blackwater 
is that the distribution of blackwater and malaria is not identical. But itis 
equally true that the distribution of mild malaria and severe malaria is not 

identical, and the conclusion that blackwater is non-malarial is, for this reason alone, 
by no means justifiable. Thus, for instance, the mortality from malaria in the few 
still remaining foci of Northern Europe is not ona par with that of the Roman Cam- 
pagna, nor again is the severity of malaria in Northern Italy and Austria at all com- 
parable with that in Southern Italy and Sicily. Thus, Scuaupinn' says, ‘in Istria (on 
the Adriatic) the “tropica”’ always is very mild. There are no records of deaths, 
which are frequent in Italy.” The aspect of the ‘virulence’ of a particular species 
of parasite has, in this argument, been overlooked, and we cannot speak vaguely of 
malaria as a whole. The factors which determine ‘ virulence ’ of a parasite are almost 
entirely unknown. Those factors which constitute the climate of a country are, in all 
probability, the determining factors also of ‘virulence,’ whether this results from 
altered ‘virulence’ of the parasite itself or from altered blood conditions of the 
patient or from both. 

In this paper, then, I propose to consider the distribution of blackwater fever, 
witha view to shewing that, so far as the data ailow, there 7sa close correspondence between 
that of blackwater fever and of severe malaria. Ido not propose to argue therefrom 
that blackwater fever is malarial, because the proof of this statement is not merely a 
matter of argument, but is based on definite facts. To these I shall return in a sub- 
sequent article. We may first consider the United States as here the data, more 
especially those regarding malaria, are suffciently complete for a comparison to be 
made. 

According to Hirscu,’ the first records of blackwater fever in the United 
States date from 1866, in Texas and Louisiana, and subsequently in Mississipi, 
Arkansas, North Carolina. Davipson? gives the same list, Georgia, however, instead of 


Arkansas. Werper* mentions Alabama, Mississippi, Louisiana, Arkansas and also Florida, 
Al 
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toaless extent. Much of the American literature has been inaccessible to me, yet from 
those references I have collected, it appears that not only is blackwater known in 
most of the Southern States, but that it is, at least in certain districts, quite a common 
disease. Thus Hare’ found that fifty out of one hundred and fifty-four practitioners 
in those areas of the census which had a mortality of seventy (or over) per thousand 
other deaths see it frequently. Of these, Alabama provides four, Georgia nine, 
Mississipi fourteen, Texas twenty-seven. He mentions that CocHrange, M.O.H., 
Alabama, collected six hundred and forty-two cases from different practitioners, with 
one hundred and fifty-eight deaths, or a mortality of twenty-five per cent. Bar 
SMITH® says it occurs in the interior of Louisiana, and in Alabama, dating from 1867, 
and in Texas. He also says it occurs in Central America and Brazil. Fie.p’ 
describes it in Virginia, where it is called Roanoke yellow fever, to distinguish it 
from yellow fever. Kitparrick® says the real cause is undoubtedly malaria, and in 
Georgia is confined strictly to the white race. Roup? says the disease, malarial 
hematuria, is quite common in the swamp districts of this State (Arkansas). Busn’° 
says the disease 1s getting to be a very common occurrence in Florida, Georgia, and 
the Mississipi bottoms. 

In the report of the Tri-State Medical Association of Mississipi, Arkansas, 
Tennessee," the following conclusions are arrived at :— 

1. Coloured race not entirely exempt, among fifty-seven cases five in 
coloured persons. 

2. Forty-one in males, sixteen in females. 

3. Fifty-one cases occurred in persons who had been subject to malarial 
attacks for a greater or less time. 

4. In thirty-six cases quinine had been given before the attack. In 
only one case had quinine not been given. 

These instances, out of many, will suffice to shew that in the Southern States 
of America blackwater fever is a well-known, and apparently a common, disease. 
Numerous other instances will be found in the bibliography appended. We have 
then reference to its occurrence in the following eleven States, viz., Virginia, North 
Carolina, South Carolina, Georgia, Florida, Alabama, Tennessee (?), Mississippi, 
Arkansas, Louisiana, Texas. 

Let us next consider the distribution of malaria in the United States, and for 
this purpose I have used the data of the 1899 census. The figures represent the 
number of deaths from malaria per 1,c00 other deaths. If we arrange the States in 
tie order of their highest mortality, we get the following series (column 1): In the 
second, third, and fourth columns are given the values for other sections of each State, 
trom which it will be seen how variable is the mortality even in the same State, e.g., 
Georgia has in its southernmost part a mortality of seventy-four, in the northern 


part of only eighteen. Column § represents the occurrence of blackwater fever. 
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The following is the order of mortality from malaria per thousand deaths 


from other causes, and occurrence of Blackwater :— 


I 2 3 AAS a. 
Arkansas ... Fan) 2G 111 th nr Blackwater 
Mississippi mel 133 106 78 Bae Blackwater 
Louisiana... Sq) UAE | 110 61 ... | Blackwater 
‘Tennessee wel 4. 64 26 34 Blackwater ? 
‘Texas ae | 89 86 24 ae Blackwater 
Oklahoma veel 85 
Florida... seal 75 aoe ae Ae Blackwater 
Georgia ... vl 74 55 18 as Blackwater 
North Carolina ...| 67 29 6 oe Blackwater 
Alabama ... .»-| 66 62 41 su Blackwater 
South Carolina ...| 58 46 43 .. | Blackwater 
Arizona... Fecal acs 
Virginia ... call 47 34 11 ... | Blackwater 
Kentucky ... gox|| Me, 27 25 15 
Washington sa) Ze) 10 
Illinois... soa aie 4 17 
Missouri ... feel 37 36 25 20 
Kansas... soa) ais 2 
New Mexico sua| 34 14 
Indiana... . 24 15 
Nevada ... peal 2a ee mi ee 
tees Ctc:e a bes Nee eee oe nee | 
Wisconsin oy I | 


Thus with two exceptions we have an accurate correspondence between the 
distribution of blackwater fever and severe malaria. Whether Oklahoma and Arizona 
are real exceptions, or whether it is simply that blackwater, though existent there, has 
not been recorded, I have no means of determining. If now, we plot out these figures 


on the map, we see that blackwater fever is confined toa region below the 37th parallel, 
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probably 35th is more accurate. Further, the isothermal of 55° includes all these 
areas, while most of them lie within the isothermal of 60°. The mean annual rainfall 
is as great as fifty inches in Louisiana, Mississippi, Alabama, Tennessee, Georgia, and 
Florida, while in the rest it lies between forty and fifty. 


Tennessee | have considered as positive, although I could find no actual state- 
ment regarding it, but I have inferred from the Tri-State (Alabama, Mississippi, 
Tennessee) investigation, of which an abstract only was available, that it occurs in 
Tennessee itself. 

It is possible, too, that blackwater may occur in Kentucky, Washington, and a 
few others with high malarial mortalities. The data, however, shew that between 


blackwater fever and severe malaria there is, in fact, an extremely close correspondence. 


Central America and West Indies. 


References will be found in the bibliography to its occurrence in Central 


* and the Orinoco river™), 


merica,® Nicaragua,*” Costa Rica enezuela aracas 
A Je N gua,’ Costa R ony, la (C : 
and in Cuba. The history of its occurrence in the West Indies® is an ancient one. 

UTROULEAU® says it occurs particularly in the most intense malarial localities o 
D °5 says it particularly in th t int larial localit t 
Fort de France, Martinique, and Point a Pitre, Guadeloupe. | Only exceptionally at 

. Pierre an asse Terre. was observe ; HERMINIER as early as = 
Ste d B AB It t d by Mie: ly as 1828 


1838, and in 1853-1854. ‘Continued longer, quinine treatment may be dangerous, 
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and at Point 4 Pitre they have not hesitated to attribute hemorrhagic complications 
to it, which were more frequent formerly than to-day.’ It* occurs also in French 
Guiana,” British Guiana (uncommon), and Dutch Guiana (?) 


South America. 


Bar Smiru’ records its existence in Brazil, but I can find no other reference. 
With regard to Central South America, the references in the literature at my disposal 
were quite inadequate to give any idea of either the prevalence of blackwater or of 


malaria. 


Ttaly. 


It is difficulty to gather from Italian literature what the exact distribution 
of blackwater fever in Italy is. 

1. Marcuiarara and Bionami® say, ‘That in the Roman Campagna it is 
rarely seen. In the rest of Central Italy and in Northern Italy the only known case 
is the one published by Murri. It is not rare in Sicily, and not very rare in 
Sardinia (Vincenzi).’ 

2. DE Francesco Monretone” describes severe forms of fever in Calabria, 


seldom found elsewhere in Italy—pernicious hemorrhagic and tropical remittent 


(bilious). 


ITALY —-} 


The Fuyerts dunete fr Morbi 
from Maliria far 10,000 
(Gu Arh Ital 4 Biol 1402 pau) 


* Corre68 says that Duchassaing was the first to mention black urines arising from quinine in Guadeloupe. 
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3. With regard to the distribution of malaria, CrLu1®} says, ‘Les parasites 
estivo-autunnales ont uu divers degré de virulence et que en général, ils ont une 
virulence plus exaltée dans I’Italie inférieure, marennes de Toscane, et de Rome, Midi, 
Iles. Le nombre proportionnel des morts est beaucoup plus elevée dans I’Italie 
inférieure.’ 

4. Vide above, ScHauptnn’s observations with regard to the mildness of 
‘ Tropica’ (estivo-autumnal) in Northern Italy and Austria. | 

5. The accompanying map shews how markedly malaria varies in intensity 
throughout Italy, and how it reaches its maximum in the extreme South (Calabria), 
in Sicily and Sardinia, in both which places blackwater fever is ‘not rare’ (vide 1). 

In these two instances, only, have I found it possible to compare the distribu- 
tion of malaria and blackwater fever. In the United States the data shew a close 
correspondence ; in Italy, also, we find that in the regions of really severe malaria, 
blackwater also occurs. Whether or no, the correspondence is as close as I believe 
the facts enable us to conclude, yet the varying intensity of malaria in the States and 
the striking variations in Italy also clearly shew that to speak broadly of malaria as 
a whole in a country is by no means justifiable. 

In the rest of this paper I must necessarily be content with pointing out the 
distribution of blackwater, which is, I believe, wider than 1s generally supposed, adding 


only some comments which appear to be of interest, from the sources I have examined. 


Greece. 

Pampoukis and CHomarTianos™ say that quinine hemoglobinuria was first re- 
corded by M. S. Varerras, Nov. 6, 1858 (Soc. Med. Grécque de Paris). 

Blackwater fever is recorded by Greek physicians in Patras, Albania, Agrinion, 
the military hospital, Athens, Karvassara, Thessaly, Salonika, etc. 

It is interesting to note that according to Karamirsas,* in Athens, malarial 
diseases have a very slight intensity, and are only seldom pernicious. With regard 
also to blackwater, Karamirsas’” says, that no case of the disposition to blackwater 


1S acquired in Athens. 


Turkey. 

Karamitsas records a case in a small village in Turkey. But here, as in so 
many other instances, it is impossible to form any idea of its real prevalence. 
Russia (Merv). 

Gekow® investigated exactly, cases of blackwater fever that frequently occurred 
there. He takes the malaria and quinine view. 
Palestine. 


Cropper” records blackwater fever in three districts. In Khideirah, he says 


the natives suffer much less from malaria than the Jews, and hardly at all from 
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blackwater fever. At Tantura, the colony is now deserted on account of the severe 
malaria and blackwater fever. At Jsbeid, blackwater fever also occurs commonly in 


some seasons. It occurs also at Smyrna. 


Africa. 
To treat of the history of blackwater fever in Africa, its distribution, is quite 
beyond the scope of this article, and would in fact require a treatise in itself. I can 


again only give short notes from the sources which have been available. 


Soudan (Bahr el Gazal). 


A death from blackwater fever was recorded from this region of Soudan, in 
the public press, August, 1902. I am informed that others have occurred since. 


Carmouze® records cases at Kayes, 15° N., 14° W., approximately. 


Algeria. 

Kexscw and Kiene:” state that ‘l’hemoglobinurie n’est pas exclusivenent lice 
aux fiévres bilieuses des pays chauds. Nous avons deja signalé son apparation assez 
frequente dans les fiévres d’Algeérie, and also ‘les pyrexies dans les quelles l’hémoglobi- 
nurie est le symptome prédominant—sont dans la région Mediterranéene exceptionelles.’ 

VaLiin® records a case. It seems that blackwater fever is rare in Algeria. 
With regard to the distribution of malaria, or its varying intensity, | could find no 
data. With regard, however, to the species of parasite, BitteT” states that in Algeria, 
over a Jarge area, the quartan parasite reaches a maximum value of only 2°5 per cent., 
but in Grande Kabylie it is 70 per cent. Such variationsin the distribution of a 
particular species of parasite, in all probability, imply considerable variations, also in 
intensity of malaria, and it remains to be seen in what portions of Algeria really 


severe malaria occurs. 


Senegal. 


As it is commonly asserted by laymen on the West Coast of Africa that 
blackwater fever is a recent disease, it is interesting to note that in Senegal, according 
to Berencrr Feraup’”, ‘it has been observed as early as 1841, and from the resem- 
blance of these histories to earlier ones, probably also in 1839, 1830, 1825, 1820, 


shortly after the arrival and settling of Europeans in Senegambia.’ 


Assinit and Grand Bassam. 


‘M. Lecrarn, 1850-1861, calls especial attention to the blackwater, stating 
that it was the only time he had seen it. Grand Bassam, 1855, three cases of 
“pissement du sang.”’ 
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Gold Coast and Gaboon. 


M. Losepat, priest, had observed, since 1846, many times that malarial fever 
was accompanied by intense bilious phenomena, icterus, and black urine (p. 347%). 


The frequency on the West Coast of Africa is given on p. 241'°° as— 


Gaboon and Gold Coast - 38-So attacks annually 
Upper Senegal - - PACT at 59 
Southern Rivers c - In % 3 
Cayor = - - B55 » 
St. Louis and Gorée - - 1-3 . a5 


That blackwater fever is common along the West Coast of Africa is a matter 
of common knowledge, but it is difficult to say where it is most frequent. One 
factor alone would make any estimation of the kind difficult, it is the very unequal 
distribution of a European population. Without Europeans there is practically no 
blackwater (its very rare, if genuine, occurrence among natives would, in no way, 
appreciably affect the statistics). Now, it is equally notorious that in the West 
Coast of Africa we have as regards its malaria one of, if not the most, deadly places 
in the world for Europeans. And this correspondence in the distribution of malaria 
and blackwater fever is not denied, of course, by those who deny their correspondence 
elsewhere. But I may be permitted to diverge so far from my intention not to base 
arguments as to their identity on the correspondence in distribution of blackwater 
fever and malaria, as to point out some striking facts with regard to the mortality 
from ‘malaria’ in tropical Africa. 1 examined the statistics of deaths in all German 


colonies in Africa for a number of years, and got these remarkable figures :— 


Total deaths— Deaths from Deaths from 
European and native | Malaria Blackwater fever 
| | 
| 
2948 8 62 


Surely the conclusion that in these ‘deadly fever-stricken regions’ malaria 
has a comparatively small mortality is not the true one, but, on the contrary, the 
obvious one that blackwater fever is in fact malarial. 

To resume the question of distribution, blackwater fever then is well-known 
along the West Coast of Africa, in Nigeria, in the Cameroons, in the Congo, probably 
Portuguese West Africa ; but whether as far south as Damaraland, I am unable to 
say. On the east coast it extends as far south as Beira and Delagoa Bay. British 
Central Africa, Uganda, German East Africa, British East Africa ; in ‘all these it 
occurs. Cases will be found recorded in English periodicals. A consideration of 


Madagascar, Mauritius, the Comoro islands, may be interesting. 


BLACKWATER FEVER 201 


Madagascar. 

Dau ttt observed blackwater here in 1851-1854. Davipson'™ describes 
cases at Nossi-Bé from 1862-1880, one hundred and eighty-five cases, forty-nine 
deaths. Durrouveau,’ Lespeau,’® Quennec,’” BaRTHELEMY-Benoit,™ and Yersin,'? 


also describe blackwater in Madagascar. 


Bourbon. 

Laveran, quoted by Marcurarava and Bicnam1,"" says, ‘the opinion that such 
a fever is produced by quinine is a popular belief among the créoles of Réunion, but 
one which is not shared by their physicians, who have always protested against the 
prejudice,’ whereupon Marcuiarava and BicNnami remark, ‘but it seems that the 


prejudice was on the part of the physicians and that the laity were in the right’. 


Mauritius. 

Hirscw and others mention its occurrence here. Laponre discusses renal 
hemorrhage as a sequela of Mauritian fever. With regard to ‘ Mauritian fever’ and 
the part played by quinine in determining blackwater, it is interesting to note that 
pE VALENCE’ writes that, ‘in 1823, JosepH Conison said that sulphate of quinine 


should be tried in continuous fevers.’ 


India. 

Hirscu quotes Day'” regarding the occurrence of blackwater fever in India, 
but it is very doubtful if Day’s description refers to blackwater. Isolated cases have, 
from time to time, been recorded, especially from the Duars and Terai of Bengal, 
both notoriously malarial districts. CHrisropHers and myself on visiting these 
districts found, to our surprise, as enquiry from Indian physicians had elicited, very 
little positive information on the subject, that in these districts (the tea gardens) 
blackwater fever was as common, and even commoner, than in tropical Africa. 

In India it occurs then in the Duars and Terai (Bengal), in Assam, and in 
the Jeypore agency (Madras), though it is not at all improbable that it exists 
elsewhere also.* Regarding the distribution of malaria in India, extra- 
ordinary variations in intensity are found even within the limits of ten to 
twenty miles. In both the blackwater regions of India visited by us the malarial 
intensity was very high. (The malarial intensity or endemic index of a district is 
measured by the percentage of children, under ten, infected with parasites). In 
these districts it varied between 70 per cent. to 100 per cent. It was also a note- 
worthy fact that in both these districts the species of parasite was almost exclusively 


quartan, whilst elsewhere simple tertian was the prevailing species. 


* Since writing the above Dr. Christy informs me that he has himself seen three cases in the Canara district (Bombay 
presidency). So that here, apparently, we have yet another focus in India. 
BI 
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China. 

Cochin China. Brrencer Feravn, Joc. cit., states that blackwater fever is fre- 
quent in Cochin China. Hurscn, /oc. cit., VEILLARD,"? Disszr,” record cases. 

Tonkin. Paucot’* saw seven cases in two years at Haut-Song-Cau. Five of 
these were among Europeans long in the colony. 

Fontaine™ says, ‘ that blackwater fever is rare in the old towns of the Delta, 
but frequent in the high country, particularly at Dong Song. 

Lr Ray’? describes it at Cao-Bang. 


Dutch East Indies. 

V. Leent’® says, ‘jusqu’a présent le fiévre jaune n’a jamais visite l’archipel des 
Indes Orientales. Nous croyons que ce sont des cas de fievre pernicieuse ictero 
hemorrhagic qui ont conduit certains observateurs a admettre a tort l’apparition dans 


ces parages de cas de typhoide ictérode.’* 


British Malaya. 
Hamitton Waicut'* describing a case or! pernicious fever’ refers to it as 
rare. The case is undoubtedly blackwater fever, and is an accurate picture of that 


disease, though not recognized by the author as such. 


New Guinea (German). 


ScHELLONG,"? Dempwotr™ describe blackwater as existing here. 


New Hebrides. 
Moret”? describes a case. It may, however, be an imported one. 


It must be evident from these scanty ones how inadequate are the references 


in literature to give a true idea of the exact prevalence of blackwater fever. The 


fact that in India, in the Jeypore agency (Madras), Curisropuers and myself found that 
practically all the missionaries established there had suffered from blackwater fever ; 
that we had, in fact, a distinct blackwater area there which, at all events, to medical 
men outside the district was completely unknown, shows that caution must be _ 
exercised in assuming the absence of blackwater fever in a country unless it has been | 
recorded. Nor do I think that the prevalence of blackwater fever in India is yet | 
exhausted. Moreover, there is one fact which must be considered, viz., whether in 
any district we have a susceptible European population, and, in considering its relation 
to malaria, above all, differences in virulence of malaria must be taken into account, the 

species of parasite, and other factors, e.g., conditions of life; thus it is a quite erroneous 


method in comparing the prevalence of blackwater among two European populations, 


*Maurer!?°A states that there is no blackwater fever in Sumatra although the severest cases of malaria are not uncommon, 
but this is contradicted by the fact that it is common among the Dutch at Acheen. It also occurs at Java, especially at Tjilatjap 
(Scheube) 1°, 
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to compare a town population with an ‘ out-station ’ population, for malaria among 


two such classes is a very different matter ; it is in towns that malaria is least ; it 1s 
the out-stations of the bush that it is most fatal. I have, I trust, avoided, as far 


as possible, mere argument in this paper, for argument and theories have been the bane 


of blackwater fever. 1 hope in a following paper to point out briefly what really are 
the facts which establish the malarial origin of blackwater fever. 
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ti tiie OCCURKENCGE “OF IViAILARIA, PARASTEES JIN 
BLACKWATER FEVER 


ANaLysis oF NINETY-FIVE CASES 


ANSE has recently published a remarkable series of cases of blackwater, from 
which it is very evident that a positive or negative finding of parasites in 
blackwater depends very largely upon when the blood examination is made. 

This fact was already known to those who had made careful examinations in these 
cases, but I do not think that it is one that is at all generally recognized. I have, 
therefore, summarized all the cases, ninety-five in number, that I have been able to 
find bearing on this point. 

I] have confined myself to making clear this broad result, and have not con- 
sidered many other interesting features of the cases, e.g.,(1) the data with regard to 
quinine, though quinine in itself is a powerful factor in causing the disappearance of 
parasites ; (2) the actual intervals in hours between a positive and a negative finding ; 
(3) the disappearance of parasites and their subsequent reappearance ; (4) the number 
of parasites at various intervals till they disappear ; (5) their occasional persistence 
throughout ; (6) the presence of pigmented leucocytes ; (7) the increase in the 
percentage of large mononuclear leucocytes (diagnostic of malaria). A consideration 
of such points as these would have much complicated the subject, and, indeed, the 
data are often quite inadequately given to make any such consideration possible, 
consequently I leave the tables to speak almost for themselves. 

I have not considered cases where a clear history exists of the taking of 
quinine for several days previous to the blackwater, because simple malarial cases 
under such conditions may give an entirely negative result. Nor have I considered 
cases, a few in number, where a relapse occurred a day, or a few days at most, after 
the initial attack, because these cannot rightly be considered as fresh cases. Such 
cases, for instance, as those of Kocn’s series, 13A, 13B ; in these the quinine element 
on the contrary is clearly demonstrated. Finally, for the above reason, I have not 
included a series of cases of KiErNnz, because, with one exception, the patient had been 
taking quinine for some days previously. The exceptional case was one where 
methylene blue had been given previously, and parasites were present ; quinine was 
then given, blackwater ensued, and the parasites quickly disappeared. 

The tables are constructed in the following way. The day before the black- 
water, the day of the blackwater, and the day following, form three headings, and 
~ under each of these is recorded the result of the microscopical examination as regards 


malaria parasites, whether positive or negative (without further detail). 
cI 


REMARKS 


Blood examination before blackwater ; not 
stated whether patient had been taking 
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A, PLenn eel eae heneeonees 
Case 1 Positive Negative I 
py de ste Positive Positive 2 
Pay eur Positive Negative 3 
Le Olt: Positive 4 
» 7 Negative 5 
53: 9) -s-}) Positive Positive Negative 6 
» U7 Positive Negative 7) 
mH Ze Positive Negative 8 
Pema dae Negative 9 
»» 30 Negative 10 
ae 3il Negative Il 
N32 Negative 12 quinine. 
» 35 Positive 13 
Total 5 5 10 
Positive 5 3 2 
Percentage . 100 60 20 
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hoki ty ae 


” 


”? 


pet 2B ii 


op gilos 


op. Giclee 


” 37 ihe 


oy Gee 
Ai eres 
PAS Saco | 


sy 1 efivgee 


Total 
Positive 


Percentage . 


Day before Day of Day after 
hemoglobinuria|hemoglobinuria| hemoglobinuria 
Negative 14 
Positive 15 
Positive 16 
Positive 17 
Positive 18 
Positive 19 
Positive 20 
Positive 21 
Positive Negative 22 
Positive 2B 
Positive Negative 24 
Positive Negative 25 
Positive 26 
Negative 2H 
Positive 28 
Positive 29 
Positive 30 
Positive 31 
Positive 32 
Negative 38 
Positive 34 
Negative 35 
| Positive Negative | 36 
Positive 37 
| Negative Positive 38 
—— ———— — 
21 10 
18 3 
Bier, 33°3 
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Kocu pees eae peated : : REMARKS 
Cason eters auc Tels Negative 39 

Ge 55 Negative | Negative | 40 

Bde a Negative Negative | 41 

oe Ours es Positive oe 42 

30 O---| ‘Positive Positive son 43 

» 12 .--.| Positive Positive Negative 44 


j Positive 


Vineoanre Negative | 45 


5 I2.--| Positive 
»» 13..+-| Positive Positive tee 46 
», 13a...| [Negative]] [Negative]] [Negative] 


», 13B.-.| [Negative]| [Negative]] [Negative] 


ICE OSItive Positives 0 Positive i 
\ Negative 
‘Total . 5 8 ; 
Positive... 5 6 ; 
Percentage . 100 75 ee 
DanteELs Day before Day of Dayaes ee 


/hemoglobinuriaJhemoglobinuria|hemoglobinuria 


Positive | Negative es 48 
- { Positive : 
Positive DiNesarive Negative | 49 
Positive Negative | Negative 50 
‘Total ee 3 3 2 
Positive... 3 I ° 


Percentage . 100 33°3 fo) 
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SrepHens and | Day before Day of ; Day after REMARKS 
CHRISTOPHERS onset hemoglobinuria} onset 
| 
Gases 1 oa. Negative 51 
ep) 2: Negative 52 Numerous pigmented leucocytes day after 
onset. 
3 es|| Positive Negative Negative 53 Began as a typical case of malignant tertian, 
with numerous parasites. 
5 = Cleon a : Negative 54 Pigmented leucocytes day after hemoglo- 
binuria. Crescents following day. 
» 4 -+-| [Negative]] [Negative]| [Negative]} 55 This was a relapse within twenty-hours, after 
quinine, of the previous case. 
5) eae : Negative Negative 56 Pigmented leucocytes day following onset. 
eS is Negative 57 Pigmented leucocytes day after onset. 
0 lee Negative Negative 58 Much quinine on previous days ; pigmented 
leucocytes day of hemoglobinuria. 
PE On.: : Negative 59 Pigmented leucocytes day of hemoglobinuria. 
Perelil Positive Negative 60 Also pigmented leucocytes day of hemo- 
globinuria. 
Rea 2! ce Negative Negative 61 
eh LSP an ; : Negative 62 Pigmented leucocytes day after onset. 
pe Bore : Negative 63 
pope lisa : Negative 64 
5 10) coe a Negative | Negative | 65 Pigmented leucocytes day of onset. 
a5 ls) Boe Negative Negative 66 Pigmented leucocytes two days after onset. 
SEE Olae: Negative 67 
) Positive ; : : : 
py CAS? ace ON setae Negative 68 At 3-45 p.m. many parasites (tertiana simplex) 
8 = a found, at 6 p.m. a single parasite only ; 
shewing great importance of an early 
Total I 9 16 examination. 
Positive I 2 fo) 
Percentage .| [100] Agi} fe) 
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Pawnee “|e oglouin tia hemoet bneralnemee cuits SNS 
Choe obs ioe anna, Negative | 69 a 
Pee eee mee ee Positive 70 
By vibooc sree er Negative 71 
4) MOA Mine oe Negative 72 
5) anna vs te Negative 73 
ss Ol sae S33 ues Negative 74 
554 LO. eee sis he Negative 75 
yp 12 ves! Positive sts Positive 76 
ye =| eae Negative ae TE. 
5 pA cc aan Negative uate 78 
FE snes BBs | os Negative 79 
aL] ae ace | Positive ae 80 
Seen User me | ore Negative 81 
sO mag ya | Negative Negative 82 
Fee PIC gnc Se Negative ae 83 
Pi) Claes: ae Positive Negative 84 
ea errs ed Positive ee 85 
5 20 - Positive Positive Negative 86 
Fe ye a Negative | Positive 87 Had been taking methylene blue for some 
days. 
28 esl Positive Positive Positive 88 | 
» 29...| Positive Negative ad 89 | 
5» 30... Negative | Positive Negative | g0 | Parasites for three days previous to the first | 
negative examination. No quinine, but 
sy giles eositive Negative Negative gl taking methylene blue daily. | 
9» 32.-.| Positive Negative Negative g2 
wast ; Positive 
Sains so Positive 1 Negative 93 . 
» 34.+--| ‘Positive Positive | a 94 
3) 35 «+3| Positive Positive Negative 95 | 
oct clues 7 20 | 
Positive... 8 9 5 
Percentage . 88°8 52°9 25 
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AUTHOR 


A. PLEHN . 

F. Penn ... 

Kocu me 

STEPHENS and CHRISTOPHERS 
] ANIELS 


PansE 


Total 


Percentage Positive 


Day before hemoglobinuria 


Day of hemoglobinuria 


Day after onset 


95°6 per cent. 


No. of cases | No. positive | No. of cases | No. positive 
5 5 5 3 
fe) fo) 21 18 
5 5 8 6 
I I 9 | 2 
3 3 3 I 
9 8 17 y) 
i aes | 
7 AD 63 39 


61°9 per cent. 


No. of cases No. positive 
10 2 
10 3 
6 I 
| 
16 fe) 
7 ©: 
ZO 5 
64 11 


17°I per cent. 


It is almost unnecessary to add any comment for the figures shew conclusively 
that when examined before the onset of the blackwater, parasites are present in 95°6 
per cent. of cases, whereas on the day after, when it will be noticed the highest num- 
ber of cases (sixty-four) was examined, the remarkable fall to 17-1 per cent. is the 
result. On the day of the blackwater itself, we have only a figure of 61°g per cent. 


instead of 95°6 per cent. 


is only an accidental concomitant seems to be to disregard common sense. 


To assume, as has been done, that malaria in these cases 


My 


intention here is solely to draw attention to the great importance of an early examination, 


if malarial parasites are to be found. 
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BLACKWATER FEVER ity 


Ili, THE COMPARATIVE MORTALITY OF MALARIA AND 
BLACKWATER FEVER IN TROPICAL AFRICA 


R. CHRISTOPHERS and myself, while investigating the nature of blackwater 
fever, were much struck by the fact that in those intensely malarious parts of 

Africa visited by us, we did not encounter a single case of death from malaria, 
per se, but deaths occurred always from blackwater fever. The evidence that con- 
vinced us that blackwater fever is malarial, was, however, based entirely on micro- 
scopical evidence, and those who wish to know what the evidence really is may be 
referred to our reports quoted above. While maintaining then that the direct 
evidence of its malarial nature, even in the absence of parasites at the time when 
the cases are most frequently examired, is conclusive ; it is not, I think, useless 
to consider evidence of a secondary nature. This evidence, too, is important, as 
it affords a mass of facts surely of much greater value than the many plausible 
suggestions made by those who have had no actual experience of the disease. To 
turn to the facts under consideration, it is not often that it is possible to give any 
numerical comparison of the frequency and fatality of malaria and blackwater fever 
respectively in a district. The following data I have compiled from the statistics 
furnished with regard to German colonial possessions in the ‘ Arbeiten aus dem 
kaiserlichen gesundheitsamte’ for the various years. Frequently the data are 
insufficient to afford the necessary comparison, but the following examples are 
sufficiently instructive to merit compilation here. 

In these statistics. I have omitted the data (a few in number) with regard 
to native malaria, and the rare occurrence of blackwater among the native troops, 
because it is clearly absurd to consider European and native malaria as a whole and 
deduce any argument therefrom—the two conditions are so unlike. It must further 
be noticed. that the number of cases under the heading blackwater cases may not 
be quite accurate, as in. the reports it is only the deaths that are especially noted. 
However, this ‘deficiency does not concern our present object. Further, under the 
heading malaria deaths, it is possible that some of these are due to blackwater, for 
it is not always clear whether the distinction has been drawn or not. 

We have then the following striking figures :— 


Cases of Deaths from Cases of Deaths from 
Malaria Malaria Blackwater Fever, Blackwater Fever 
G. E. Africa, April, 1897, to March, 1898 312 Oo 30 2 
G. E. Africa, April, 1898, to March, 1899 345 1 (?) 33 3 
G. E. Africa, April, 1899, to March, 1900 390 fo) 17 8 (or? 11) 
a8 ies sa aac ‘in 213 fe) 10 I 
Cameroon, July, 1897, to June, 1898 138 I 12 2 
Cameroon, July, 1899, to June, 1900 149 4 12 7 
Cameroon, July, 1g00, to June, 1901 186 fo) 28 8 
Togo, 1899 to 1900 AD 2 5 5 
1805 8 (?7) 147 36 (? 39) 
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We see from these figures the striking fact that the number of deaths from 
blackwater fever is four and a half times as great as that from malaria, and that, ex- 
cluding blackwater, malaria has a small mortality. But is this the true interpretation of 
the figures, which are drawn from countries where it has always been held that, if any- 
where in the world, malaria isa deadly scourge ? It is hardly necessary to point out 
the true explanation ; that these malarial regions are so deadly because blackwater 
fever there, also prevalent, is likewise malarial. 

Again, as in the previous papers, we will allow the figures and facts to 
speak for themselves. On one of the many plausible conjectures regarding black- 
water, it may be well to make some remarks. The ‘special parasite’ theory of 
blackwater was suggested to those who saw in the fact that in blackwater fever and 
Texas fever of cattle, red or black urine occurs, a proof of their identity, and the conclu- 
sion naturally followed that in blackwater fever also a parasite, allied to piroplasma 
bovis, o¢curred, and in pursuit of this phantasy, writers have naturally also tried to 
implicaté ticks in the causation of blackwater fever. Now, it may be definitely stated 
that there is absolutely not the slightest basis of fact in the whole of this fantastic 
hypothesis. The blood and organs of blackwater patients have now been examined 
by many competent observers, and nobody has ever observed any parasite of this 
nature—parasites which in Texas fever occur in enormous numbers, and are easily 
stained and detected. To dismiss this subject, we may yet consider whether a special 
variety of malaria parasite exists, quite another matter from the view we have been 
considering. It is proved beyond doubt that blackwater is malarial. Is there a 
special malarial parasite ? This may be a difficult matter to determine, because, as 
we have seen, it is only before the onset of the hemoglobinuria that the parasites are 
constantly found. At present no evidence exists of any difference in morphology 
of the parasités found, but that a parasite is capable of displaying increased viru- 
lence under particular conditions we think there is much evidence to show. We 
cannot enter into this question further. We think that while it is possible the 
malarial parasites in blackwater may have special morphological characteristics, this 
is unlikely, and that the truer explanation is to be found in altered virulence 
depending on unknown ‘climatic’ conditions, e.g., possibly the passage through a 
special species of anopheles, and upon changes in the constitution of Europeans 
not produced in temperate climes. 
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SUMMARY OF RESEARCHES ON NATIVE MALARIA 
AND MALARIAL PROPHYLAXIS ; ON BLACK- 
WATER FEVER: ITS NATURE AND 
PROPHYLAXIS* 


By |. WoW. STEPHENS, IV-D:, Canvas, ID-P. EL. 


LECTURER IN TROPICAL MEDICINE, LIVERPOOL 


AND 


S. R. CHRISTOPHERS, M.B., Vicr., I.M.S. 


I 


F our researches on malaria those relating to native malaria seem to us of such 
great practical importance that in the present report we have almost entirely 
confined ourselves to a discussion of these, and their application to the 

prevention of malaria among Europeans in the tropics. 
It is unnecessary here to discuss the question of the mosquito transmission of 


malaria. We may, however, lay stress on some points which are as yet often over- 


looked. 


1. It is practically certain that the mosquito cycle is the only one. We 
cannot, in the space at our disposal, give all the reasons for this statement : suffice 
it to say that up to the present no competent observer has brought forward a single 
fact inexplicable by mosquito transmission or suggesting any other channel of 
infection. 

2. Regarding other hosts of the malarial parasite than man, no one has 
found any other animal than man infected with the organism of human malaria. The 
supposition that monkeys may be the means of infecting xopheles in the jungle is 
made highly improbable by Kocu’s researches. We may point out, too, that such a 
supposition is in no way needed to explain malaria contracted in the jungle, the real 
mode of infection in such conditions being now quite well understood. 

3. All recent research confirms the view that malaria is always derived from 
malaria pre-existing in others. It is as important to recognize that malaria is only 
derived from man as it is to appreciate that it is only transmitted by the mosquito 


(Anopheles). In other words, malaria is as much an infectious disease as scarlet fever, 


* Slightly modified from Papers Relating to the Investigation of Malaria and other Tropical Diseases, Colonial Office, 
June, 1903. A summary of all our researches will shortly be published as a Report to the Malarial Committee of the Royal Society, 
Harrison & Sons, London. 
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the only difference being that it is not conveyed by contact, but only by the Anopheles 
mosquito. 

Malaria then is an infectious disease—the infection or malaria parasite being 
conveyed from one person to another by the bite of Anopheles. An Anopheles 
mosquito, per se, is harmless ; it is only an Anopheles containing parasites, or, in other 
words, an infected Anopheles, that can transmit malaria, and the only way by which 
an Anopheles can become infected is by ‘ biting’ some person who has the parasite in 
his or her blood. 

It at first sight seems strange that the infective character of malaria has been 
and is still so overlooked by the general public. The actual mode of infection, how- 
ever, has lately been made clear. Malaria is not in the tropics usually contracted 


from ‘ fever’ cases, but almost always from ‘ latent’ malaria in the native population. 


Native MaAtaria 


1. Kocu, in the Fast Indies, almost everywhere found malaria in the 
children, though adults were free from infection. He commonly found malarial 
infection only on microscopical examination of the blood. In some of the villages 
examined by him every child had malaria, in others a smaller proportion. He came 
to the conclusion that the degree of infection he found in these children was a test of 
the intensity of malaria. 

2. We, ourselves, finding that Anopheles caught in native villages always 
contained a considerable percentage of infected specimens, were led to the discovery 
that this was dependent upon a general infection of the native children of Africa 
who, although apparently in good health, had almost always the malarial parasite in 
their blood. We were thus able to show that the home of malaria is in native huts, 
hamlets, villages, and towns, and that European malaria is a mere resulting sign of 
the vast degree of indigenous latent malaria. 

This has been amply confirmed subsequently by other observers, notably by 
Awnnetr and Durron in Nigeria, ZieMann in the Cameroons, and again by ourselves 
in India. 


Tue INFECTION oF ANOPHELES 


Where human infection is so general we should also expect to find Anopheles 
infected, and, indeed, in any batch of Anopheles caught in native huts a greater or less 
proportion always contain sporozoits, 7.e., the malarial parasite in a condition ready 
for infecting man. The number of Anopheles infected is a variable one. Asa rule 
in Africa it is from five per cent. to ten per cent., but reached in some villages fifty 
per cent. Aro, on the Lagos railway, was an instance where the sporozoit rate in 
Anopheles caught in native huts was fifty per cent. Obviously it would be as difficult 
to avoid malaria in such a place as smallpox in a smallpox hospital ean 
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We have said before that Anopheles are only capable of giving rise to malaria 
when they have previously fed upon blood containing malarial parasites, but a curious 
fact, and one of great importance, may be here noted. Anopheles are mainly to be 
found in association with native dwellings. One has not long to do with Anopheles 
without finding that they are hardly ever really abundant, except in native communities. 
Whenever in any place we wished to collect large numbers, our invariable practice 
was to proceed to the native quarter, and there we could collect Anopheles generally 
without difficulty. It was otherwise elsewhere, and in remoté marshes occasional 
specimens (most frequently of a ‘ wild’ species) only were caught in our tents. So 
fir as appears at present, the majority of Anopheles in Africa haunt native villages. 
It is, perhaps, almost permissible to say that about five per cent. of all the Anopheles 
of tropical Africa are infected with malaria, and infected solely because they have 
derived the infection from latent native malaria. 

In nearly every hut, then, of the millions scattered over the jungle lands of 
Africa, and of those forming the densely crowded towns of West Africa, we have 


children with parasites in their blood, and Anopheles to disseminate these. 


Tue Consequent INFECTION OF EUROPEANS 


The condition of extreme unhealthiness found, par excellence, in West Africa 
is not determined by the ‘climate.’ The reason is largely to be found in the con- 
ditions under which Europeans at present live in Africa. Even on general grounds 
it would be well to avoid native huts and hovels, with all their dirt and insanitary 
surroundings, conditions which may be likened to those in the worst slums of our large 
towns. When, however, we realize that these huts are veritable hotbéds of malaria, 
it is evident that the very first sanitary law for Europeans in Africa is to avoid their 
neighbourhood. It is, however, a striking, but most deplorable feature, that in Africa 
hardly ever do we find a European bungalow or dwelling place built with this end in 
view. European houses are often situated among the huts of the natives in towns, as 
in Freetown, Sierra Leone, or they have a cluster of hovels or huts close at hand. In 
one instance we saw a new settlement being built on the very fringe of a native 
village. It was not a question of necessity, as land free from villages or huts was 
available all around, nor was there any reason of policy, the Europeans being employed 
on the railway, and having no relation with the villagers. The choice of such a site 
sufficient in itself to ensure the settlement being a very deadly one, as indeed was 
later the case, could only be deplored. To sum up, then, we can say that with 
certain notable exceptions, to be mentioned later, the European on the West Coast of 
Afr.ca is living in the midst of native huts, and is consequently daily exposed to the 
bites of infected Anopheles. The actual conditions are described in greater detail in 
the following section dealing with prophylaxis. 
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PROPHYLAXIS 
At the outset we shall divide the prophylaxis of malaria under two heads :— 
1. The prevention of malaria in native communities. | 
2. The prevention of malaria in Europeans. 
The two problems are essentially different, and no confusion should ever exist 
in our minds as to what any given anti-malarial measures are intended to achieve, 


whether increased health of resident Europeans or diminution of native malaria. 


1. Tue Prevenron or Mararia in Native CoMMUNITIES 

Prophylactic measures applicable to the average native of tropical Africa are, 
for many years to come, beyond discussion. The vast bulk of African natives are 
completely beyond any sanitary control whatever. In some large towns a measure 
of control does exist, ¢.g., Freetown, Lagos, Accra, Cape Coast Castle, and a few 
others. In these only has one the least hope of achieving any result. 

Methods of malarial prevention applicable to large native communities seem 
confined to some form of Anopheles destruction, either by superficial drainage or by 
the continuous labours of a mosquito brigade. The administration of quinine, 
advocated by Kocu, though so effective under the conditions at Stephansort, could 
not, we feel certain, be applied with any measure of success even in Freetown or 
Lagos. With regard to Anopheles destruction, if drainage can be carried out, it 


would, in our opinion, be successful in preventing native malaria. 


2. Tue Prevention oF Mararia in Europeans 

In 1900, working on the Gold Coast, we advocated the protection of. Europeans 
in Africa as being at present the proper and legitimate object of our limited resources 
in Africa. We gave reasons for believing that a system of segregation from the 
native, carried out as opportunity offered, would be far more effective than any, other 
prophylactic measure within our power. We have already seen that the malarial fever 
to which the European is subject is due to the fact that he lives amidst the. natives, 
or with the native at his door. We would emphasize again the fact that these con- 
ditions have impressed themselves upon us so vividly, because our experience of them 
has not been that of a passing observation, but one derived from actually living under 
them. We have enjoyed the hospitality of very many Europeans, and have slept in 
the bungalows and quarters of officials, railway engineers, missionaries, settlers, traders, 
in quarters in the centre of native camps, always with the inevitable native huts in the 
compound, and in all, these conditions held good. Realizing the danger of, sleeping 
under such conditions, we succeeded in preserving our health only by most. constant 
and unremitting care in the use of personal precautions. Such precautions we, how- 
ever, found were generally so irksome that men preferred to run the risk of infection 
rather than bestow the necessary attention to them. Although we used mosquito 
nets we found it necessary to employ an extraordinary and troublesome degree of 


care in their use in such conditions as are usual in African up-country stations, and 


eee 
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we believe but few men would employ them with sufficient care to avoid infection in 
such places. Similarly with regard to houses protected with wire gauze. Even where 
the oppressiveness of the climate would not preclude their use, we consider that it is 
only by a constant vigilance that but few men would exercise that such measures 
could be successful. 

As a preliminary step to all other prophylactic measures, and as one likely 
more than any other to minimize European malaria we, therefore, advocate ‘ Segre- 
gation from the Native.’ 

Since we first put forward segregation as a principle to be followed whenever 
opportunity offered, it has been recognized by some authorities* as the first law of 
hygiene in the tropics ; on the other hand it has met with criticism. Much of the 
latter is evidently based on mistaken notions of what is meant by segregation, and 
what segregation entails. Segregation as an anti-malarial measure does not, for 
instance, mean the avoidance of intercourse with the native. Nor does it mean a 
lessening of the power of control of the native. It has been said that segregation 
means giving up a country. Such a notion could only arise from a complete mis- 
conception of what is meant by segregation in this connexion. The fact that in India 
segregation is almost universal seems to us to effectively meet such objections. In 
India we do not, except rarely, find European dwellings and native quarters crowded 
together, but almost always a well-designed European quarter, quite distinct from the 


native bazaar. Yet in India there can be no question of loss of touch with the 


natives—rather on the contrary, an increased respect on their part. 

To talk also of the impossibility or impracticability of segregation in Africa is 
absurd, because a most excellently carried out scheme of segregation already exists at 
Accra (Victoriaborg), and to a less extent at Old Calabar, which places are noted on 
the West Coast for their comparative healthiness. Moreover, since we first advocated 
such measures they have been advocated also by Annerrand Durron (Second Liver- 
pool Expedition) as applicable, above any others, to Nigeria. These authors had 
actual experience, during many months, of the condition under which the European 
lives, and they advocate segregation as strongly as we do ourselves. 

Further, Locan Taytor, himself engaged in destructive measures against 
mosquitoes, says,t ‘When suitable ground can be had I think it better for the 
European to live away from the native town. In Accra the Government officials 
have good bungalows away from the native town, forming a proper Muropean quarter 
(Victoriaborg), and this arrangement is found to work well, and Accra is the healthiest 


town on the Gold Coast.’ { 


* Manson, Practitioner, 1990. Annett and Dutton, Second Exbedition Liverpool School. 
t Second Progress Report of the Campaign against Mosquitoes in Sierra Leone. Liverpool University Press. 
& : (SEES: } 

{ That segregation is a practical measure there is increasing evidence to shew. Thus at Akassa (Nigeria) ‘a hotbed of 
fever and disease,’ segregation has been effected (together with drainage and the regular administration of quinine to Europeans), 
and Akassa is now one of the healthiest stations in West Africa. (Brit. Med. Journ., April 18, 1903, p. 924.) Further segre- 
gation schemes have been carried out at Secondee and Cape Coast Castle. 
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PRACTICAL APPLICATION OF SEGREGATION TO: VARIOUS 
CONDITIONS OF LIFE IN- TROPICAL VARRIG2 


Since we feel very strongly that the segregation of Europeans is the first step 
in the prophylaxis of malaria in Africa and other tropical regions, we think it desirable 
to show how in practically every condition of life this principle can be applied. 

So far prophylaxis (destructive measures) has been directed entirely against 
the malaria of large towns. If even, however, we could make the large towns of 
West Africa healthy we should still have an enormous fever and death-rate among 
Europeans on the Coast, quite half of whom live in out-stations, and the great majority 
of whom make very frequent tours. Moreover, it 1s in outstations that Europeans 
are chiefly in need of protection. Whereas we found that residents in towns enjoyed, 
on the whole, fair health, it was in out-stations that we chiefly found men in the fever- 
stricken and miserable condition so characteristic of tropical Africa. We would point 
out then that something more than anti-malarial measures in large towns is needed if 
much improvement in the health of Europeans is to result. 

It is here that ‘segregation ’ holds out such prospects of success. Not only is 
the formation of a European quarter in large towns a fundamental law of health, but, 
as we shall show, in out-stations, railway camps, mission stations, in bungalows, in 
tea or coffee gardens, in expeditions, military or otherwise, in ordinary travelling, 
segregation is equally applicable. 

Before malaria is made to decrease among Europeans in Africa it must be 
generally recognized that malaria is an infectious disease, and that it is present in 
practically every native hut. When this is the case men will refuse to allow in their 
compounds squalid grass and palm-leaf huts ; they will cease to build their bungalows 
among or on the outskirts of villages ; they will be extremely careful where they 
sleep when travelling, and it will be the duty of the medical officers of mining camps, 
railways, and military expeditions to absolutely forbid the forming of any camps near 


native huts, or to allow these to spring up in the more permanent camps. 


I. SEGREGATION IN Larce Towns 

We have two noteworthy instances where in large towns segregation has been 
carried out most effectively, with the result that the two segregated communities, Accra 
(Victoriaborg) and Old Calabar, are notoriously the most healthy on the coast. 

Moreover, in any large town where such complete segregation on a large scale 
is not immediately applicable, the principle should be borne in mind, and as opportunity 
offers, huts should be removed and European houses built in the open. Thus, at 
Lagos, a well-designed quarter could, we feel sure, be gradually formed, and would 
place Lagos in the same category as Accra. At Freetown, we believe arrangements 


are now being made to remove the official quarters to a segregated site on the hills,* 


* Proposed site for European residences in the Sierra Leone hills. Stephens and Christophers. Fifth Report to Malaria 
Committee, Royal Society. Harrison & Sons, London. 
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and at Cape Coast Castle also a site for officials has been chosen, well removed from 
the native town. The plan then to be followed in towns is the formation of a Euro- 
pean quarter as distant as possible from native huts, and no better examples of this 
can be found than the arrangement in India of a European cantonment and_ native 


bazaar. 


2. SEGREGATION IN OutT-STATIONS 


The terrible sickness and mortality resulting from the practice of the 
European living amidst native huts was nowhere more forcibly brought to our 
notice than in the camps of engineers and other employees engaged on railways 
under construction. Every settlement and every camp showed the same most deadly 
practice of allowing numerous native huts to be erected actually in the compound 
in which dwelt camp followers and their numerous families (children). To this fact 
alone is due the excessive sickness from malaria and, as a consequence, also blackwater 
fever on railways under construction. The working in swamps and the turning up 
of soil are in no way responsible, and a single instance will suffice to show to what 
railway engineers owe the malaria they so markedly suffer from, for never did we 
succeed in finding an exception to this deadly arrangement of native huts (with their 
constant fever supply) and European dwellings close at hand. 


The Lokome}i Camp on the Lagos Railway (see plan) :— 


Pian oF Loxkomeyi 


large Railway camp 


European quarters co 
Walive quarters - 


About half-a-dozen Europeans lived in this enclosure. In it there were no 
less than thirteen native huts with, at a guess, one hundred inhabitants, men, women, 
and children. 

This is more than enough to explain the constant sickness among Europeans 
here, but in addition there is a second crowded native compound, and a third within 
one hundred yards. When we consider that every one of these huts is a source of 
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malaria (for actually one-half of the Anopheles caught by us contained parasites in the 
stage ready for transmission to man) it becomes at once evident that a most 
unfortunate and disastrous mistake has been made by the Europeans living here. 
In such a case as this the engineer in charge of the section has the power of selecting 
a site, and has absolute power to forbid the building of any huts within any distance 
he chooses. When the Furopean fully understands the certain danger to his health 
in living under such conditions, he will absolutely refuse to submit to such 
unnecessary exposure to danger. With ease, on a railway, a well segregated site 
for Europeans can always be provided. We shall see that a quarter to half-a-mile 
is ample, and some protection is ensured often by only a few hundred yards. 

We have given a railway camp as an example of the evil effects of living 
amidst native huts because here, perhaps, most markedly did we see the result in the 
fever-stricken, anaemic Europeans, subject, more than any, to blackwater fever. The 
condition of life is, however, equally typical of a@// out-stations, the planter, 
missionary, trader, and even Government officials live universally under similar, 
though usually less deadly, conditions. In many such out-stations the condition 
could be remedied by very slight changes, the removal of a few hovels : often a 
single grass hut has been the source of perpetual fever among the Europeans living 
in a house. 

We do not say that no native servant should sleep in a compound (though 
personally we found no inconvenience in allowing our servants to sleep away), for it 
is not in the presence of one or two adult servants that the danger lies, but in the 
numerous families (with children) crowded into the dark and dirty huts so universally 
seen at the European’s door. Once the fact is recognized that it is from the crowded 
cooly lines and native quarters that the European derives his fever, we feel sure that 


the whole hygienic aspect of these fever camps will change. 


SEGREGATION ON MILiTary AND OTHER EXPEDITIONS AND FOR [TRAVELLERS AND 


SPORTSMEN 


The facts already put forward explain also why military expeditions in Africa 
are attended with such a large amount of sickness and so terrible a mortality. As 
an example of the mode of contracting malaria on military expeditions we may 
instance Prahsu, a well-known halting place on the way to Kumasi from the Coast. 
It is probable that every man passing up or down to the Coast during the Ashanti 
campaigns slept at least a night at this station. From plans of the condition there, 
European quarters and native huts in close proximity, it 1s at once evident that here 
at least was one of the sources of the sickness and mortality among European troops, 
and not in the ‘ climate.’ 

In native villages the native porters are able to procure food, and here gener- 
ally a clearing is found ready for a camp. So that it is the almost invariable practice 
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of travellers of all kinds to camp in the village clearing, often to sleep in the native 
huts. 

Here, again, we find the inevitable result. Although the traveller may not 
pay much attention to their bites, the dnopheles from the huts have injected malaria 
parasites (sporozoits) into his blood, and ten days later he is ‘ down with fever.’ 

Here, briefly, though it is a most important practical point, we must consider 
the question of flight of duopheles. As the result of very numerous observations 
and experiments both in Africa and India, we may emphatically state that duopheles 
do not often fly a quarter of a mile, and practically never half-a-mile. We are 
considering, it must be understood, the habitual, not the possible maximum, flight. 
Anopheles, in fact, tend to leave but for a short distance the thatched huts in which 
they spend the day, and although we give a quarter of a mile as a maximum flight, 
yet a segregation of one hundred yards from a native hut 1s infinitely better than 
none at all. Also, every natural obstacle tends to aid segregation, and should be 
taken advantage of, as the ridge of a hill, a belt of trees, bananas, bamboos, etc., and 
though a well-isolated dwelling, with no native families within a quarter or half-a- 
mile, should be aimed at, yet when native huts exist which it 1s impossible to remove, 
they should be as completely screened as possible by the planting of bananas, etc. 

To sum up these various conditions we may say that a European who 
pitches his camp or builds his permanent quarters half-a-mile, to take an extreme limit, 
from any collection of native huts, however small, will avoid infection otherwise 
almost inevitable, and if in his compound he allows only those servants absolutely 


necessary, he is in a position to escape the dangers of life in tropical Africa. 


PERSONAL PRECAUTIONS 


We cannot emphasize finally too strongly the need at present for these. We, 
ourselves, by unremitting care, completely escaped contracting malaria during over 
three years’ residence in Africa and India; in places, too, where, more frequently 
than not, the deadiy conditions we have described existed. Among these precautions 
we place the proper use of a mosquito net as by far and away the greatest means of 
individual protection. 

1. Mosquito net—The net should be square (not a bell net), should not 
have a single, even minute, hole, should hang inside the poles if these are used, 
should be tucked in wzder the mattress, and should wot trail on the ground. A piece 
of closely woven material, fastened on all round at the level of the body is a necessary 
addition, in order to protect the limbs during sleep, from bites through the net. 
When not in use the ends of the net should be twisted up somewhat, and then 
thrown over the top. We always arranged our nets ourselves, never trusting to 
servants, and further, to be doubly certain, we always carefully searched the interior 


with a candle before going to sleep. To these minute precautions, solely, we attribute 
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our absolute freedom from malaria. Employed without care and attention, a 
mosquito net is little protection in such malarious places as most up-country African 
stations. 

2. Subsidiary measures—In many of the more malarious places we visited 
we considered that other subsidiary precautions, such as will suggest themselves to 
any intelligent person, were also necessary. To protect our legs and ankles, for 
instance, we considered it necessary to wear thick trousers, with puttees, or the very 
convenient so-called mosquito boots. The face and hands are not in waking hours 
very likely to be bitten by Anopheles, though they are very likely to be bitten by 
various species of Cu/ex. It must be understood, however, that for precautions to be 
effective in badly malarious places considerable care and thoughtfulness is entailed, 
and few followed our example. 

3. Quinine. During the whole of our three years’ life in the tropics we 
found it quite unnecessary to use quinine. If, however, the bites of Anopheles 
cannot be guarded against, quinine should be taken as a prophylactic. We consider 
Professor Kocx’s method of taking fifteen grains on two successive days in each 


week as the best. Repeated small doses are of doubtful efficacy. 


Il. BLACKWATER FEVER 


Considering the fatality of this disease, and the fear it inspires in the European 
in Africa, we fully realized the importance of trying to solve the vexed question of 
its cause. 

We believe that facts observed by us, based on direct microscopical evidence, 
have placed on an absolutely satisfactory footing its malarial nature. The importance 
of this has a great added value, because it follows that the prophylaxis is identical with 
that of malaria, and the European who can protect himself from attacks of malaria 
will have no fear of contracting blackwater fever. 

It has been held by the majority of competent observers in recent years in the 
tropics, notably A. and F. Prenn and Ziemann, that blackwater fever was malarial 
in nature. The most important objection to this view is that a microscopical exami- 
nation of the blood in blackwater cases is generally negative, 7.e., shows no malarial 
parasites, or so few as to make it doubtful if they could be associated with the attack. 
This then was practically the state of our knowledge when we commenced our work 
on this fever. 

In our investigations into the ordinary forms of malaria, however, in the 
tropics, we soon recognized that in severe malaria also, an examination of the blood 
might, in certain cases, reveal no parasites, or in other cases very few, quite insufficient 
apparently, to account for the severe symptoms. Such cases were those in which 
quinine had previously been taken, so that it was not an uncommon experience for a 


blood examination to show, before the taking of quinine, numerous parasites, whereas 
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later, while still high fever and severe symptoms continued, parasites might be entirely 
absent. Nor was it exclusively in cases where quinine had previously been taken that 
parasites were absent. In certain cases, though we believe these are comparatively 
rare, parasites may be absent, or if present, are so few in number that they bear no 
proportion to the severity of the attack. And, indeed, our experience has been con- 
firmed by others working both in the tropics and in Europe, by Ceri, ZreEMANN, 
Scuaupin.* Thus the last named says, in case I, parasites were present during the 
attack and during the intervals of the fever, but in case II they were almost always 
absent on the day after the attack, and during the attack they were very scanty, 
although the fever was extraordinarily severe. 

We were led then, in such cases as these, to seek for other proofs of the 
malarial origin of the fever. Two such methods were adopted by us: the first consisted 
in a thorough search in extensive blood films for pigmented leucocytes, which are 
evidence of a recent attack of malaria. The second was by a determination of the 
relative proportion of the different varieties of leucocytes in the blood. We followed 
out this line of observation at length, and found that in malaria a relative increase of 
the large mononuclear leucocytes took place, and were led to consider a value as high 
as twenty per cent. as evidence of an antecedent malarial attack. Similar observations 
had also led Tirk, whose work was then unknown to us, to point out the diagnostic 
value of this increase in the diagnosis of malaria. We have, then, two auxiliary 
methods in the diagnosis of malaria :— 


1. The detection of pigmented leucocytes. 


iw) 


The increase in the percentage of the large mononuclear leucocytes. 

Applying these subsidiary tests to blackwater fever in which parasites are, as 
a rule, absent, we were able to show that nearly all of these cases, apparently non- 
malarial, are, in fact, malarial, presenting pigmented leucocytes and an increase in the 
large mononuclear leucocytes. In our first series of sixteen cases, although only in 
three were parasites found (about 19 per cent.), yet using these subsidiary tests no 
less than 93°7 per cent. were shown to be malarial. 

We thus, as a result of our work, established, on a microscopical basis, the 
proof of what had been previously mainly conjecture. 

Blackwater fever, then, is malarial in origin. It cannot, however, be considered 
as simply a severe form of malarial fever, for there is yet another side to the question. 

In 1860, Tomasettr first published a series of cases in which symptoms of 
blackwater fever followed upon the administration of quinine, not necessarily in large 
doses, but almost invariably in those who had suffered much from malaria. 

A. PLeun and F. Pieun, in the Cameroons, have published most accurate 
histories of very many cases of blackwater, and with very rare exceptions they always 


followed upon the administration of quinine. 


* Arbeiten, a. d. k. Gesundheitsamte, s. 234, Bd, xix. 


232 THOMPSON YATES AND JOHNSTON LABORATORIES REPORT 


Kocu_ has so strongly advocated the quinine factor in blackwater that it 
appeared at first as if he denied its malarial origin, but this is not so, as is quite clear 
from his later writings. He holds that quinine is the immediate exciting cause, but 
that a predisposition, determined by many attacks of malaria, is necessary. 

Many of those who hesitated to give their assent to these views now acknowledge 
that there is sucha thing as quinine haemoglobinuria occurring in malarial cases. This 
acknowledgment amounts to a recognition of the quinine origin of blackwater fever, 
for the two conditions are absolutely indistinguishable. We have ourselves seen cases 
which were to us clearly of this nature, and our views are summed up by saying that 
blackwater fever is a disease malarial in origin, and dependent on blood changes 
occurring after many malarial attacks, and generally, if not always, in relation to an 
actual attack, but that, also, it is undoubtedly almost invariably induced by the taking 
of quinine in this state. 

It has been argued that if quinine is the cause of blackwater fever it 1s a dan- 
gerous drug, and should not be used in malaria, but this argument is not a good one. 
It is, as we believe, in the malarial chronic that blackwater almost always occurs. We 
believe that in such a person quinine is dangerous. — If, however, quinine is efficiently 
used as a preventive of malaria, no fear need be held of it. It is inadequate quinine 
treatment, because malaria is thereby not really combated, which is the danger. 

While then we consider that the malarial origin of blackwater fever has been 
established by us on a basis of microscopical evidence, yet we may briefly consider 
some other aspects of the question, as it will enable us also to answer some of the 
objections of a purely general character, which have hitherto been raised against its 
malarial origin. 

1. It has been urged that the distribution of blackwater fever and malaria is not 
the same. Even if this statement were true, it must not be forgotten that the distri- 
bution of mild malaria and severe malaria is by no means the same. Thus, the 
mortality from malaria in the few still remaining foci in Northern Europe is in no way 
comparable to that of the Roman Campagna, nor, again, is the severity of malaria in 
Northern Italy comparable with that in the South. We cannot, indeed, speak of the 


distribution of malaria as a whole. If, however, we confine our remarks to regions 


of intense malaria we believe that the distribution of blackwater fever will be found ' 


to tally exceedingly closely with that of malaria. The distribution of blackwater fever 
is, we believe, considerably wider than is generally supposed. Thus in the Bengal 
Duars, in India, blackwater was found by us to be as common as in Africa, a fact to 
which the literature of the distribution of blackwater fever gave us no clue. 

Further, in Madras we discovered the existence of blackwater fever, the 
existence of which was quite unknown, even to medical men in India. We believe, 
in fact, that there is rather a very close and even exact parallel between the distri- 
bution of blackwater fever and severe malaria. 
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2. An accurate history of blackwater fever cases will always reveal that the 
patient has suffered more or less constantly from previous attacks of fever, and that 
for a day or two previous to his attack he has hada more or less markedly high 
temperature. That this temperature is of malarial origin is shown by microscopical 
evidence, for, 

3. If the blood of a patient about to suffer from blackwater fever is 
examined by chance before the onset of the disease, and before the taking of quinine, 
it is almost invariably the case that malarial parasites are easily found. An examination 
of the same case after the onset of the blackwater is, however, most frequently 
negative as regards parasites. Thus Panse,* inarecent paper, found parasites without 
exception in all those cases which he was able to examine immediately before the onset 
of the haemoglobinuria ; and arrives at exactly the same conclusion as ourselves as 
to the direct dependence of blackwater on malarial infection. 

4. That blackwater fever affects residents mainly in their second and third 
year suggests that it occurs in conditions of chronic malarial infection, and is st-ongly 
against a view which has been suggested that blackwater fever is due to a special 
parasite. Thus Berencer-Feraupt gives the following data: First year, 5.4 per 
eent. ; second year, 22° per cent. 3 third year, 42°5 per cent.; fourth year, 20 per 
cent. ; fifth year, 4°8 per cent. 

5. Again, the fact that, in West Africa and other regions where blackwater 
fever occurs, Europeans die not so much of malaria but of blackwater fever seems 
to admit only of one conclusion. To give more exact figures, it appears that in the 
German Colonial possessions, out of 3,c00 cases of malaria, there were eight deaths 
only from ordinary malaria, but sixty-two from blackwater fever. However we con- 
sider these general points they all clearly point to the malarial origin of blackwater 
fever, though, as we have said, the real evidence depends upon the microscopical 
evidence of malaria in blackwater. 

Blackwater fever, then, is malarial in its nature, and its prophylaxis is con- 


sequently identical with that of malaria. 


* Zeitschrift fur Hygiene, s. 1, 1903 


+ De la fievre bilieuse mélanurique des pays Chands, Paris, 1874 
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Jast line. For ¢ ground,’ read ¢ drain.’ 
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For ‘ mosquito’ read ¢ mosquitoes.’ 

For ‘ mosquito-room,” read ‘ anti-mosquito-room.’ 

For ‘country,’ read ‘ community.’ 

Before ‘ water,’ read ‘ tidal.’ 

Professor Herpman has recently kindly identitel for me the 
specimens of fish taken from the main drains of Bathurst ; two 
specimens so far occur. "They are :— 

Hemichromis bimaculatus (Git). 
Chromis macrocephalus (BLEEKER). 


Por #predt. read“ oreater. 
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REPORT OF THE LIVERPOOL MALARIA 
EXPEDITION TO THE GAMBIA 


I. PRELIMINARY 


URING the past two years a great deal of energy has been displayed in many 
parts of the world to put to some practical use the great discovery of the 
definitive host of the malaria parasite. The knowledge that the mosquito 

is responsible for the transmission of malaria has immensely increased the possibility 
of combating this disease by prophylactic measures. The measures which have been 
recommended by various investigators naturally group themselves under two heads— 

1. Destruction of the parasite in its intermediary host, man. 

2. The prevention of the transference of the parasite from one host to 

the other, viz., from man to mosquito, or mosquito to man. 
Under the latter group many methods have been advocated, and much 

literature has accumulated during the last three or four years. The modes of attack 
have centred round the vulnerable stage in the life cycle of parasites in general, viz. 
the transference from one host to another ; thus in the case of the malaria parasite the 
points aimed at in this stage are— 

1. Destruction of the definitive host, the mosquito. 


i) 


. The prevention of infection of the mosquito. 
3. The prevention of inoculation of man by the mosquito. 

It was hoped in the early stages of the work of investigation on the mosquito 
cycle of the malaria parasite that it would be a matter of comparatively little difficulty 
to destroy the parasite in this stage of its history by means of the destruction of the 
mosquito carrying them, especially as only one genus of the Culicidae (Anopheles) was 
implicated. Major Ross, in India, and other investigators had pointed out the broad 
fact that the genus Anopheles required, as a rule, breeding-places of a rather special 
character for their propagation, very shallow surface pools of sufficient depth to last 
over a week. By the prevention or treatment of these pools it was thought that the 
mosquitoes could be done away with. Maps were made marking out the distribution 
of such breeding places throughout certain districts with this object in view. Later 
on it was shown that certain members at least, if not the whole genus dvopheles, did 
not necessarily require such specialized breeding places, for if from any cause they 
were absent these mosquitoes would breed in any collection of water, just as the genus 


Culex does. 


2 THOMPSON YATES AND JOHNSTON LABORATORIES REPORT 


Up to 1899 some one hundred and twenty-two definite species of the 
Culicidae were described. Since that time many collections of mosquitoes have been 
examined from all parts of the world. Mr. F. V. THeosatp, at the close of last year, 
as the result of an exhaustive examination of past works and new material, has 
remodelled the classification of the Cwlicidae, which he has grouped into some twenty- 
two genera, and has described some one hundred and thirty-six distinct new species in 
his Monograph on the Culicidae of the World. To this number must be added some 
one hundred new species which he has not yet described. 

As yet only a few of the great number of mosquitoes have been investigated 
with regard to the important point of whether or no they can act as hosts for the 
malaria parasite. In fact only a few species of Culex have been shown to be incapable 
of transmitting the disease. 

When it was considered that not only malaria but other diseases were con- 
veyed by mosquitoes, for example, filaria can develop in two genera, Culex and Panoplites, 
and that yellow fever is certainly carried by one genus, Svegomyia, there arose a tendency 
to look upon all mosquitoes as harmful, and that their judicial destruction, as far as 
possible, was an object to be aimed at. How far this end can be attained is at present 
sub judice, but we have evidence that certain districts and towns lend themselves readily 
to this object. 

Experiments under this head are at present being carried on in West Africa 
and in Havana. Ona smaller scale similar experiments have been carried out in 
Hong Kong and Statin Island, New York. Major Ross chose Freetown, Sierra 
Leone, for the scene for an experiment, to see how far mosquitoes can be diminished 
in a certain area, one of the most difficult places on the West Coast to tackle. Heand 
Dr. Locan Taytor, who was to direct the work there, arrived on July 2, 1901, and 
at once commenced the campaign against all varieties of mosquitoes. As yet the 
experiment is not completed, but a great diminution in the numbers of these insects 
has already been brought about. . 

In Havana the work of exterminating mosquitoes, by the destruction of their 
breeding places, was commenced soon after the discovery that yellow fever could be 
transmitted by the bites of the common mosquito, Stegomyia fasciata. Major and 
Surgeon W. C. Goraas, in his January report to the Military Governor, states that 
out of seventeen thousand houses examined during the month by the ‘Stegomyia 
Brigade,’ in four hundred and eleven only were mosquito larvae found ; the preceding 
January, larvae would have been found in all of the houses. Not only have the mos- 
quitoes diminished, but Havana has been for the last four months, October, November, 
December, January, entirely free from yellow fever. This result is certainly very 
encouraging when we compare the prevalence of yellow fever there during the same 


period of the previous year, when the average number of deaths from this disease was 


146°49. 


W 


[ie TOPOGRAPHY AND STATISTICS 


St. Mary’s Istanp anp BaTHuRST 


St. Mary’s Island is a long, low-lying island at the mouth of the River Gambia, 
extending roughly from north-east to south-west along the south bank of the river. 
It is about four miles long and half-a-mile across at its widest part. The island 1s 
only separated from the mainland by a small creek, which, at the north-west corner, 
is bridged across. One fairly good road runs the length of the island, from the town 
of Bathurst at the one end to the Creek Bridge. This road runs along the beach, 
separated from it for the most part by mounds of sand and scrub. On the south 
side of the road an extensive mangrove swamp occurs, and in places encroaches on to 
the road. 

The town of Bathurst is situated at the east corner of St. Mary’s Island. It 
occupies an -l-shaped area of land, the long arm of which is almost separated from 
the island by an encroachment of Oyster Creek at the back of the island and the man- 
grove swamp. There is only a distance of some two hundred yards between the 
swamp and the beach, so that this area is for the most part cut off from the island, 
and is surrounded by a broad expanse of water on all sides, to the north and west by 
the River Gambia, which is here about four miles across, to the south and west by 
the creek separating St. Mary’s Island from the mainland. In this area the land 
scarcely reaches the height of four feet above sea-level, the greater part of it 
being situated below the sea-level. | Altogether it is scarcely a square mile in extent. 

The formation is of light sand and loam on the surface, followed by denser 
loam which rests upon the water-bearing sand and silt, about eight feet under the sur- 
face. This area is well though not too thickly wooded ; some very fine trees occur 
in the town. 

The town of Bathurst is very well laid out. The chief streets are broad and 
run parallel and at right angles to one another ; in fact there are very few narrow streets, 
even in the strictly native quarters. The chief houses and factories in the principal 
street, Wellington, face the mouth of the river. These houses are built of stone for 
the most part, the volcanic iron stone which occurs in great quantity across the river. 
These houses are very cool and airy, and the rooms are large ; they were probably 
built by the French. At the back of each house there is generally an enclosed 
piece of ground used as a garden. 

Unfortunately, in Bathurst, the houses of the Europeans are not segregated 
from the natives, many of the traders’ and officials’ houses, particularly, being sur- 
rounded by native compounds. Government House, the Colonial Secretary’s house, 
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the Hospital, and the Telegraph Station are slightly better in this respect, but here 
only a road (Clifton Road) and an open space about one hundred yards across separate 


them from a bad portion of the native town (Portuguese Town), and on this portion 


of land a few huts are present. 

In the centre of Bathurst there is a fine open space, McCarthy’s Square. On 
one side of this square is a very picturesque building, the Barracks, occupied during 
the time I was at Bathurst by a West Indian Regiment. The creek separating St. 
Mary’s Island and the mainland commences at the back of the town of Bathurst ; and 
here it is about half-a-mile to a mile across. The ground in this part of Bathurst is 
very low-lying, and parts of it are below sea-level. To prevent the encroachment of 
tidal water a wall two to three feet high has been built. This wall extends for a con- 
siderable distance, the remainder being a mud embankment. Within this J-shaped 
area of St. Mary’s Island described above two large swamps occur, namely, Half Die 
and Box Bar. The former swamp is situated in the smaller arm and is not tidal, 
owing to the low wall mentioned above. Native compounds occur all along these 
marshes, which in the wet season are often covered with water. Down the centre of 
this swamp a wide channel runs and opens into the creek by means of sluice gates. 

The other swamp, Box Bar, is situated at the back of the town, in the larger 
arm of land ; along its centre an open drain runs, which falls in a similar manner by 
means of sluice gates into the creek. On either side of this swamp the native town 
extends for some distance, as Portuguese Town on the one hand and New Town 
on the other. This swamp is larger than the preceding one and is partially covered 
by rank grass and low scrub. Its surface is much more regular, so that the collec- 
tions of water are rarely shut up from the central channel ; there appears to be a 
distinct fall, though slight, from the sides to the centre. Both of these swamps in the 
dry season only contain tidal water, which oozes through the sluice gates and sand 
into the central channel. In the wet season they practically act as reservoirs for rain- 
water. There is, besides, another smaller swamp. 

Population of Bathurst——The European population of Bathurst varies slightly 
during the year, some of the officials and traders returning home during the wet 
season. There are some seventy to eighty persons. The native population is 
estimated at about fifteen thousand ; they include the Joloffs, Mandingoes (Moham- 
medans), and a small number of Jolahs (Pagans), and a good few Sierra Leone traders. 
Besides this there is a small fluctuating population of Assyrian traders, estimated at 
about one hundred. These people trade in small articles among the natives, and live 
in an extremely filthy condition. A few cases of yellow fever which occurred in 
Bathurst last year were supposed to have arisen by means of these people. 

Drainage of Bathurst.—Provision is made for the carriage of surface water by 
means of open gutters, which run down the centre of the main streets. These open 
channels commence at the higher portion of the town as shallow gutters, about 
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eighteen inches deep. During their course along the streets they are made deeper in 
order to obtain a good fall until they reach the beach, where some are thirteen feet 
deep and three feet wide. Similar drains from the side streets enter at right angles 
into these drains ; the water from them is discharged into the river by means of 
sluice gates, which are opened at low tide. Altogether there are about half-a-dozen 
such gates. The construction of the drains varies to a considerable extent. The 
main drains opening into the river are square, flat-bottomed, built of stone, lined 
with cement, and are for the most part impervious. Further in the town the channels 
are built with stone, but some of them are only partially cemented, either the iron-stone 
blocks on the sides or the bed of the drain being uncemented. These channels allow 
the ground-water to percolate into them at certain seasons of the year. Still further 
in the centre of the town the drains become very shallow and are made of bricks, 
trough-shaped and uncemented. 

Many of the streets have no ‘made’ drains as described above, instead, a 
centrally situated trench is dug in the ground, which either discharges into the main 
drain or discharges at the back of the town, directly into the swamp. These trenches 
vary considerably in depth and width, some of them being four feet from the surface 
of the ground. In some of the drains the earth dug out to form the trench is built 
up on either side of it so that the surface of the street falls away from the trench. 
Similar trenches occur round compounds, squares, and in the grounds of the Europeans. 
They are for the most part choked with grass, or natives walking across from one 
side of the street to the other carry with them sand or debris, converting the drain 
into a series of holes in the centre of the street ; some of them are so choked in 
this way along their course and at their outlets that itis impossible for the contained 
water to escape. At the corners of the principal streets these drains are bridged over 
by low brick arches. In this situation the drain frequently has a stone placed in its 
course or a cemented catch-pit has been constructed ; here water lodges for a consider- 
able period after the rain has ceased. Later on it will be shown how many of these 
drains afford considerable breeding-grounds for mosquitoes. 

Water Supp/y.—Rain-water is used for drinking purposes by the Europeans, 
and also by some of the native traders. It is gathered from the roof and stored in 
large tanks. Some of these tanks are fitted with good covers, others are not covered 
properly, so that insects, dirt, etc., contaminating the water, obtain an entrance beneath 
the cover of the tank. The best tank seen was one in which the only mode of access 
to the tank was by means of a man-hole at the top, with a heavy, fluted, iron lid, 
difficult of removal. Some of the native traders also collect rain-water in large iron 
boilers or tubs. These are for the most part inadequately covered, or not at all. For 
domestic purposes, water is obtained by the Europeans from wells sunk in their gar- 
dens. The native population of Bathurst obtain water solely from wells. 

The wells of Bathurst are of two types, namely, deep wells and shallow or tub wells. 
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The deep wells occur as public wells, built by the Government. In the streets in various 
parts of the town there are about a dozen altogether. Similar wells are present in some 
of the European and native traders’ compounds. They are on the whole well built of 
stone and steined with cement for a good distance down. A wall two feet high 
generally surrounds the well, but unfortunately very few of them are coveredin. Of 
fifty-five private wells examined only thirteen were properly covered ; of the public 
wells, one only. ‘Thus it is an easy matter for these wells to become foul ; this is 
generally due to sticks, half-peeled oranges, pawpaw rinds, and other rubbish thrown 
in by children. The depth of these wells varies from fifteen to twenty feet. The 
second class of well, the small tub well, occurs chiefly in the native compounds and 
in the gardens of the Europeans. They are very shallow, a hole being dug about 
three feet in the ground by a native and a barrel inserted into it, in which water 
collects. The rim of the tub may be flush with the ground, but it is generally about 
four to six inches above. Close to these small wells in the native compounds, in 
many instances scarcely four yards away, occur the cess-pit or midden and the 
screened-off personal wash-place. It is not difficult to understand how easily polluted 
these wells become. Many of the natives appreciate this, and on enquiry will tell 
you that they go to the public wells to get water for drinking purposes. 

Climate of Bathurst.—W ith regard to climate, Bathurst represents a contrast 
to other parts of the Coast. Its situation on an island surrounded almost on all 
sides by a broad expanse of water tends to modify the extreme heat and dampness 
met with in other parts of the Coast. The dry season commences at the end of 
October and ends at the beginning of May. During these months the harmattan 
blows from the interior, and great variations between the maximum and minimum 
temperature may be recorded, a temperature of 100° during the day, while at night 
it is not unusual to have a temperature of 60°. These months are very trying to 
the native population, and many cases of bronchitis and pneumonia occur amongst 
them. During this season practically no rain occurs. The wet season sets in in 
June and ends in September. In the months before and after this period, that is 
April and October, some heavy showers may occur. In these months the tempera- 
ture is much more even. The highest maximum recorded in the shade never reaches 
100°, at least has not done so for the past five years ; it is generally about one or two 
degrees above 90°. The lowest minimum temperature recorded for these four months 


keeps about 70°. Chart (I) gives a record of the temperature of the maximum and 


minimum for 1900. For the last five years charts constructed in a similar way show 


practically the same curves. The rain-fall of Bathurst does not vary much above 
fifty inches, and this occurs in the four months, June, July, August, September. In 
October the wet season ends. After October rapid drying takes place. The wet 
season, owing to the great humidity and absence of any appreciable variation in 
atmospheric temperature, is exceedingly trying to Europeans. 
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Food.—Europeans at Bathurst are fortunate with regard to fresh food ; fresh 
meat can be obtained every day. There isa special slaughter-house for cattle, situated 
behind the market, which is under the supervision of the Sanitary Board. Fish is 
brought into the town twice daily, and is of excellent quality. Very good bread can 
be obtained from the various traders, particularly the French Companies ; the smaller 
native traders also sell bread in the market. Throughout the dry season English 
vegetables of all kinds are easily obtainable. Many of the European officials and 
European traders make a point of growing these vegetables, and I observe that the 
natives are, in a small way, imitating the Europeans in this respect. Many of them 
grow onions and tomatoes to sell in the market. Through the energy of the French 
Company ice can be obtained all the year round. 

Disposal of Refuse—Amongst the Europeans, sand closets are almost universally 
used, being emptied every day by a staff of night-soilmen. With regard to the natives, 
public latrines are provided by the Government. At times it happens that excretal 
matters are washed by the tide on to the foreshore. In the compounds of the more 
wealthy class of natives middens are used ; some of these are of very large size, and 
are not made impervious to water. In the smaller compounds a tub placed in the 
ground is used as a privy. Only occasionally earth or lime is mixed with the excretal 
matter. When full, which takes from one to two years, the tub is discarded and another 
inserted in a fresh place in the compound. Both the tubs and privies were found to 
be infested with multitudes of fly maggots. The Jollofs, who constitute about one- 
third of the population of Bathurst, have no middens or tubs in their compounds ; 
instead, an earthenware jar is used to retain excreta, the jar being emptied every day, 
either in the morning or at night, into the river. These people are particularly clean 
and tidy and take a pride in keeping their compounds in good order. Dry refuse is 
removed from the various compounds by the Sanitary Board’s carts, which go round 
the town every day ; this refuse is dumped on the borders of Box Bar swamp. 

Prevalence of Malaria Fever in Bathurst.—With such a comparatively small and 
fluctuating white population in Bathurst it is difficult to estimate exactly the prevalence ° 
of malarial fever amongst the Europeans. From the medical officers’ reports, which 
the Colonial Surgeon, Dr. R. M. Forpe, very kindly allowed me to consult, I was 
able to obtain the following data for the last three years :—In 1898, out of a total 
European population of sixty-three, twenty-three persons were admitted into the 
hospital for various diseases, but principally for malarial fever. There were three 
deaths for the year, two from haemoglobinuric fever and one from malarial cachexia ; 
during the year there were four cases of blackwater fever amongst the non-official 
European residents. In 1899, out of a population of eighty, twenty were admitted 
during the year into the hospital, chiefly for malarial fever. Of the non-official white 
population sixty-six were treated during the year ; of these thirty-seven were cases of 
malarial fever of the remittent type and three were cases of haemoglobinuric fever ; 
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there was one death from cardiac failure after enteritis. In 1900 there were eleven 
Furopeans in the hospital ; two deaths occurred, one from dysentery, the other was 
a sailor landed in Bathurst with an abscess in the brain. Of the non-official Europeans 
sixty-nine were under medical treatment ; of these thirty-five were malarial fevers of 
the remittent type, with one death ; seven were believed to be yellow fever, with six 
deaths. It is stated in the reports that the severe cases of fever occur during the 
latter part of the year, from July onwards, that is, after the wet season has fully set in. 
In connexion with these figures the Colonial Surgeon points out that a fairly large 
percentage of Europeans return to England during the wet months. During the 
past year, 1901, there has been stationed in Bathurst a company of the West Indian 
Regiment. These men, though drafted from Sierra Leone, had for the most part 
originally come from Barbadoes and other West Indian Islands where endemic 
malaria does not exist, thus they were in the same category as the white man entering 
an endemic malarial district, and were therefore specially suitable to study the liability 
to infection with malarial fever. Further, no special precautions were taken amongst 
them to ward off attacks from mosquitoes, nor was quinine administered as a prophy- 
lactic. The men arrived in April, and were quartered in the barracks, McCarthy 
Square. Some of them went away for a short time in the early part of the year on a 
punitive expedition against some tribes up the river ; altogether there were one 
hundred and eight men. The following chart shows the percentage of cases amongst 
(Chart I) 
this force admitted into hospital with malarial fever during each month from April, 
1901, to January, 1902, indicated in the chart by the thick line. The fever was for 
the most part remittent in character, and the diagnosis was to a large extent confirmed 
by microscopical examination of the blood. The curve does not represent the total 
number of malarial fever cases occurring amongst the soldiers, as many soldiers suffer- 
ing from only slight attacks of fever were not ill enough to be admitted into hospital. 
With this chart is also given the rainfall in inches, and the maximum and minimum 
temperatures in the shade for the year. It will be seen that the greatest percentage 
of malarial cases occurred in the months of September, October, and November, and 
that there was a marked decline from December to January ; in the latter month no 
cases occurred. During the former months innumerable mosquitoes are present in 
Bathurst ; the rainy season being fully established during July and August has so 
raised the level of the ground water that many suitable breeding-places occur along 
the borders of the swamp and in the drains, etc. Besides the old observations illustrated 
in this chart of the relation between rainfall and malarial fever, it is also interesting 
to note that the greatest percentage of malarial fever cases amongst the soldiers also 
occurred in those months when the variations in atmospheric temperature are 
least marked, namely, July, August, September, October. The average variations 


between the maximum and minimum temperatures in the shade in these months 
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being 25°, while in January, February, March, April, and May the variation in 
temperature is not less than 40° ; it would appear, then, as pointed out by Dr. R. M. 
Forpe in his Medical Report, that the liability to infection occurs soon after the rains 


are established, lasting up to the end of November. 


Caper Str. Mary 


About seven miles from Bathurst, on the mainland at the mouth of the 
River Gambia, is a promontory known as Cape St. Mary, or simply the Cape. The 
road from Bathurst leads directly to it, and is perfectly level until a distance of about 
three hundred yards from the Cape is reached ; the ground then rises rather suddenly 
to the summit of the promontory about one hundred feet. Cape St. Mary is the 
termination of the low cliffs of volcanic and sandstone rock which skirt the sea border 
to the south of the River Gambia. I had an opportunity of staying there two days 
in the Government House, which is built on the edge of a cliff facing the sea, and is 
now used principally as a convalescent station. Besides Government House, a few 
traders and others have built bungalows here and there along the cliffs. On either 
side of the road leading to Government House, and extending from right to left, is a 
large Mandingo town, and at the foot of the hill itself isan extensive swamp in which 
the natives grow their rice. There is no doubt that the climate at the Cape is very 
bracing and very beneficial to convalescents after fever. It is extremely unfortunate 
that Government House is situated so near the native village, in which endemic 
malaria and other diseases are very prevalent, and also that the rice swamp 1s so close 
at hand, breeding millions of mosquitoes, which not only cause much annoyance but 
are a real danger to the residents in the house. This swamp had not completely 
dried up on December 27, when I examined it, although there had been no rain for 
two months previously. Many mosquitoes were still breeding in the puddles ; it 
would appear that even during the dry season mosquitoes infest the district, and in 
fact 1 had no difficulty in obtaining them for examination. The natives collected 
very many for me from their huts, and these for the most part belonged to the 
Anopheles genus. About a mile away from the Cape, on the Coast, is another pro- 
montory jutting out into the sea. This presents an ideal site for a Sanatorium, as 
the land at the back is high and level for a considerable distance stretching into the 
interior, and also no native huts appear within a radius of a mile. 

I took the opportunity of travelling with Lieutenant YounG to see some of 
the stations up the river. Unfortunately only a short time was at my disposal, so 
that no detail work could be done. We travelled up river in December, when the 
dry season was fully established. At McCarthy Island, one hundred and fifty-three 
miles up, 1s the most important station ; here there is a Government House and 
a few traders’ factories. The-island is very low-lying and swampy ; a rice swamp, at 


this time dried up, lies by the edge of the river. Close to the principal native 
b 
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town, and behind, the town, half-a-mile away, there is also another large swamp 
running along the centre of the island, probably the old course of a river. 
In the large swamps innumerable mosquitoes occurred. Government House is 
situated close to the native town, surrounded by old stone ruins, which afford suitable 
hiding-places for mosquitoes in the dry season; there were many mosquitoes 
about. One European was staying in the Government House when we visited it, 
and in his room I found, in the middle of the day, innumerable specimens of 4. funestus 
and its varieties resting on the walls. A well present in the compound was devoid of 
Anopheles larvae, though larvae of the Culex type were present in numbers. These 
mosquitoes must have either flown from the swamp at the back of the town, where I 
found larvae in amongst the grass, or must have been bred in the river; here I 
failed to detect larvae ; small fish occurred in the crevices and bays of the bank. 
The native town is similar to Bathurst, trenches in the streets drain into the river, 
and in the wet season, in consequence, innumerable breeding-places for mosquitoes 
are formed. Water is obtained by the natives from the river, as there are no wells. 
McCarthy Island appears to me to be quite unsuitable to permit of preventative opera- 
tions against mosquitoes. One must rely on such means as segregation and personal 
precautions against these insects. This latter method of precaution was, I believe, 
very successful in the case of Mr. Barnois, who, in 1898, stayed at McCarthy 
Island for some time without taking malaria fever, a mosquito net being successfully 
used. 

Anative Mandingo town, Baia, was visited, and the country round explored. This 
town was situated two miles away from the river. The country round was perfectly 
level, most of it being cultivated ; ground-nuts, cuscus, and a bean being the chief pro- 
ducts. Everywhere the ground was dried up within a radius of two miles; there 
were no breeding-places for mosquitoes within this radius, except one very deep well, 
forty feet, which had been discarded ; in this well only the Cu/ex type of larvae occurred. 
In the huts innumerable quantities of nopheles funestus and its varieties occurred, 
which could be obtained at any time of the day off the walls. So completely was 
there an absence of water that, at the margin of a well from which water was con- 
stantly being drawn, bees, butterflies, and other insects were present in great numbers, 
drinking up the water spilton the ground. At this time of the year the only breeding- 
places for mosquitoes are in the neighbourhood of the swamps two miles away. 
Lieut. Younc informed me while out shooting that he came across a tub in some 
fields a short distance from the town in which mosquito larvae were present. I 
searched along the margin of these swamps, but I failed to obtain larvae here or in the 


pools dug out for cattle. 


II 


III. ENDEMIC MALARIA IN THE GAMBIA 


The discovery, both by Professor Kocu in German East Indies, and by the mem- 
bers of the Royal Society Malaria Commission in West Africa (1900), of the prevalence 
of malarial parasites in the blood of native children in an endemic area up to twelve 
years of age has given us a method by which a correct estimation of the presence and 
the extent of malaria in a district can be ascertained by the systematic examination of 
the blood of the children. 

While in the Gambia I obtained some one hundred and thirteen children from 
© to 15 years of age for examination ; the children were chiefly from the town of 
Bathurst and a native town seven miles away at Cape St. Mary ; a few were also 
available for examination at a small Mandingo town, Baia, one hundred and eighty- 
five miles up the river. At Bathurst the children examined were those who came to 
the out-patient department to be treated for various ailments, or were brought by 
their mothers, who had come themselves for treatment. Fourteen in all were obtained 
in this way, only one of them showing signs of fever (101°8") at the time of examina- 
tion ; some were treated for worms, bronchitis, or injuries. The remainder of the 
children examined were those who came to be vaccinated at the house of the Public 
Vaccinator, Dr. TayLor ; they were, to all appearance, in good health. At the Cape 
and Baia the children were brought to me by their parents. The blood of many of 
the children at Bathurst was examined in the fresh condition, as well as by means of 
smears made in the usual way on a glass slide ; all the smears were stained by a 
modification of Romanowsky’s method, recommended to me by Dr. MacConxey. 

From the table (No. I) given below it will be seen that eighty per cent. of 
the children examined harboured malaria parasites in their blood, 
and these occurred in children practically equally up to ten years of age (the num- 
bers are too small to give correct percentages at the various age periods). After ten 
years of age, out of thirteen cases examined seven were found infected ; in these cases 
the malaria parasites were rare in the blood ; in fact, in all except in one case, the 


parasites encountered on the films were very few. 
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TABLE I 


SHewinc NuMBER OF CHILDREN IN THE GAMBIA EXAMINED AND FOUND INFECTED 
with Ma carta PARASITES 


Age No. Examined No. Infected Percentage Infected 

O-1 18 13 — 

1-2 13 II = 

2-3 13 Il — 

3-4 17 15 = 

4-5 17 14 =a 

5-6 9 8 ce 

6-7 4 4 —_ 

[a8 5 4 ae 

8-9 2 2 coe 

g-10 2 | 2 = 

10+ 13 i a) 

113 gl 80 

O-5 78 | 64 82 

5-10 22 20 gI 

10-15 13 if 53°8 
Time and opportunity did not meme the collection of a larger series of cases; it was found especially difficult to 
obtain children for examination in country districts ; still it will be seen that the malaria index in Bathurst is very high, and 


consequently the chance of infection for the new-comer under suitable conditions is also very great. 


It is of interest to note the high percentage of quartan parasites (Haemamoeba 
malariae) among the cases examined, viz., 31°8 per cent., and also the large percentage 
of crescents (gametocytes) observed in the blood, viz., 32°3 per cent., in those cases 
in which the aestivo-autumnal fever parasite (Haemamoeba praecox) occurred. I believe 
this large percentage has not been observed before on the Coast. 

The parasite of tertian fever (Haemamoeba vivax) was only found in three cases. 

The children infected at Bathurst came from all parts of the town, and no 
indication was obtained from the examination of their blood that malaria was less 
prevalent in one street than in another ; considering the small size and the equal dis- 
tribution of suitable breeding-places for the malaria-carrying mosquitoes throughout 
the town, it is not to be expected that at any one part the malaria index would vary. 
Table If gives the results of the child examination in the Gambia. 


Children at Bathurst— 
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DPABEE, Ii 


SHEWING THE NuMBER INFECTED AND Nature OF INFECTION IN CHILDREN 


OF THE GAMBIA 


Age No. Examined 
O-1I 15 
1-2 II 
Za8 5 


No. Infected 


II 


(11) 


Nature of Infection. REMARKS 


Age ten months, blood very watery, aestivo-autumnal 
ring forms, crescents (in fresh preparation flagellation 
took place rapidly), pigmented mononuclear leucocytes 

Age three months, aestivo-autumnal ring forms, pigmented 
mononuclear leucocytes 

Age eight months, small aestivo-autumnal ring forms, 
few crescents 

Age six months, large and small quartan forms, pigmented 
mononuclear leucocytes 

Age two months, many aestivo-autumnal ring forms, one 
crescent, pigmented mononuclear leucocytes 

Age seven months, many aestivo-autumnal ring forms, 
crescents, pigmented mononuclear leucocytes 

Age eleven months, aestivo-autumnal ring forms 

Age eight months, few aestivo-autumnal ring forms, one 
crescent 

Age ten months, aestivo-autumnal ring forms 

Age eight months, aestivo-autumnal ring forms, pigmented 
mononuclear leucocytes 

Age eight months, many ring forms, double infection of 
corpuscles, pigmented mononuclear leucocytes 


Three of the children not infected were under three months old. 


(1) 
(2) 
(3) 
(4) 
(5) 


(6) 
(7) 


(8) 
(9) 
(1) 
(2) 


(3) 
(4) 


Many aestivo-autumnal ring forms, pigmented mono- 
nuclear leucocytes 

Ditto 

Ditto 

Ring forms, large quartan parasites, flagellating forms in 
fresh slides, in stained slides many quartan gametocytes, 
pigmented mononuclear leucocytes 

Aestivo-autumnal ring forms, pigmented mononuclear 
leucocytes 

Ditto 

Quartan parasites all stages, few gametocytes, pigmented 
mononuclear leucocytes 

Aestivo-autumnal rings, numerous pigmented mono- 
nuclear leucocytes 

Few aestivo-autumnal ring forms, numerous pigmented 
mononuclear leucocytes 


All stages of quartan 

Aestivo-autumnal ring forms 

Ring forms, large forms quartan 

Very numerous aestivo-autumnal ring forms, pigmented 
mononuclear leucocytes. ‘This child was an Assyrian; 
had fever two weeks ago; temperature was 97°4 on 
examination 
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Age 


No. Examined 


No. Infected 


Nature of Infection. REMARKS 


3- 4 


lo+ 


| 


way 


oT 


wwe 


One crescent present 

Ring forms, large quartan parasite, one crescent 

Few aestivo-autumnal ring forms 

Many aestivo-autumnal ring forms 

Few aestivo-autumnal ring forms, twelve crescents, which 
had not changed after two hours, were counted in drop 
of blood, others had flagellated very soon after the 
blood was drawn 


‘Three crescents in slide 

Large and small quartan forms, pigmented mononuclear 
leucocytes 

Few aestivo-autumnal ring forms, pigmented mono- 
nuclear leucocytes 

Ditto 

Ditto 

Ring forms, half-grown quartan parasites, pigmented 
mononuclear leucocytes 

Large quartan forms, pigmented mononuclear leucocytes 


All stages of quartan parasite, pigmented mononuclear 
leucocytes 

Quartan parasites, pigmented mononuclear leucocytes 

Aestivo-autumnal ring forms, one crescent 


Few aestivo-autumnal ring forms, one crescent, pigmented 
mononuclear leucocytes 


Few small and_ half-grown. tertian parasites, tertian 
gametocytes 
All stages of quartan parasites 


Age ten years, only one aestivo-autumnal ring form 
present in slide 

Age eleven years, four aestivo-autumnal ring forms 
present in slide. The ages of the non-infected children 
were fifteen, fourteen, fifteen years, respectively 


Children of Bata— 
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Age No. Examined No. Infected 

2-3 3 3 

3-4 I I 

4°5 

5-6 i I 

7-8 I I 
1o+ 3 2 

| Te) 


Nature of Infection. REMARKS 


Many aestivo-autumnal parasites 
Ditto 
Ditto 


Few aestivo-autumnal parasites 


Pigmented mononuclear leucocytes, few aestivo-autumnal 
parasites 


Large tertian parasites 
Few aestivo-autumnal ring forms 


Few aestivo-autumnal ring forms 


Ditto 
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Children at the Cape— 


No, Examined 


No. Infected 


Nature of Infection. REMARKS 


2-3 


Wn 
1 
ON 


Par 


45 


~ 


iS) 


(1) 
(2) 


ON Auf w hd = 


A few aestivo-autumnal ring forms, two crescents 
Ring forms, large quartan parasites 


Ring forms, large quartan forms, quartan gametocytes 
Three crescents, ring forms, large quartan forms, quartan 
sporocytes, pigmented mononuclear leucocytes 


Few aestivo-autumnal ring forms 

All stages of quartan parasites 

Aestivo-autumnal ring forms, one crescent 
Sporocytes, gametocytes, and small forms of quartan 


Ring forms, sporocytes and gametocytes of quartan 

Aestivo-autumnal rings 

Few aestivo-autumnal rings 

Quartan gametocytes 

Few aestivo-autumnal ring forms, few crescents 

Very few small quartan forms, quartan gamecocytes 

Ring forms, few half-grown quartan forms 

Few aestivo-autumnal ring forms. In this slide three 
trypanosomes were present! 

Aestivo-autumnal ring forms, one crescent 


Few aestivo-autumnal parasites 

Ring forms, half-grown quartan parasites 
Small quartan parasites 

Small quartan form, quartan gametocytes 
Quartan gametocytes and small forms 
Aestivo-autumnal ring forms 


Few aestivo-autumnal ring forms 

Many aestivo-autumnal ring forms, few crescents 
Few aestivo-autumnal ring forms, one crescent 
Few aestivo-autumnal ring forms 

Ditto 

Quartan gametocytes and small forms 
Aestivo-autumnal ring forms 


A few tertian parasites 


Aestivo-autumnal ring forms 
Ditto, few crescents 


Many quartan gametocytes, few ring forms 
Few aestivo-autumnal ring forms 


Very few aestivo-autumnal ring forms 
A few half-grown quartan parasites 
Ring forms, large quartan forms, and quartan sporocytes 


1. See Durron, Preliminary Note upon a Trypanosome in the Blood of Man. Thompson Yates Laboratory Reports, vol. IV., pt. II. 
Liverpool, 1902. 
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PRESENCE OF THE Mataria Parasite 1n 1Ts Derinitive Host 


Mosquitoes of the Anopheles genus were collected for examination from 
the soldiers’ quarters and brought to me by an orderly from time to time in small 
batches ; these were kept from one to three days, to allow of the digestion of the last 
meal of blood, and then dissected. Out of twenty-seven complete dissections, three 
mosquitoes were found infected ; two of these had zygotes in the stomach wall, three 
in one and two in the other, from six to ten days old, variety undetermined. In the 
other infected mosquito, sporozoids were found in the salivary glands, principally in the 
middle lobes. Out of a dozen mosquitoes (Anopheles) caught in the hospital, chiefly 
trom the West Indian soldiers’ ward, two were infected. A few zygotes about three 
days old were found in the stomach in both cases, and were identified as Haemamoeba 
malariae ; these two mosquitoes were caught in the dispenser’s (native) net three 
days previously. An examination of his blood was made, but no parasites were 
detected ; he had previously had no symptoms of malaria. It is very probable that 
these mosquitoes were infected in the town, and not from the soldiers in the barracks 
or hospital. To obtain Anopheles trom these places it was necessary to visit the 
barracks just as dawn appeared, 6 a.m., when they were found on the walls, just 
over the beds of each soldier ; during the day I was never able to detect an Anopheles 
mosquito in this room; they were probably all driven out by the disturbance of 
rolling up kit, etc., in the morning. The vopheles examined were all Anopheles 


costalis, except three Anopheles pharoensis, which were negative. 


At the Cape the natives brought me a good number of mosquitoes collected 
from their huts ; nearly all collected in this way were of the /opheles genera, includ- 
ing Anopheles costalis and Anopheles funestus, the number of the latter greatly 
predominating. 

Twenty-four complete dissections were made, two Anopheles funestus being 
found infected ; in one the salivary gland contained sporozoids in large quantities, and 
in the other four medium-sized zygotes with three empty capsules were present on 
the stomach wall. Unfortunately, many mosquitoes brought back to Bathurst had 


died on the way, and were unfit for dissection on arrival. 


Other Haemamoebae.—The nature of the expedition did not permit of any 
extensive investigation on the distribution of other Haemamoebidae in the Gambia, 
still a few animals were examined. 

The common yellow and green African canary was universally infected with 
Haemamoeba danilewskii (Halteridium) ; some tame pigeons from the various factories 


also showed this parasite in their blood, and also a few birds shot in the bush. 


Haemamoeba relicta (Prateosoma) was never found ; but the number of birds 
examined was not sufficient to form an opinion as to the absence of this parasite 
from the Gambia. 


c 
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IV. BREEDING-PLACES OF MOSQUITOES IN BATHURST 


The various breeding-places of mosquitoes which occur in Bathurst can be very 
suitably grouped under two heads, namely, natural and artificial. The latter are by far 
the most numerous and important, as many of them occur throughout the wet and dry 
season, while for at least six months of the year the natural breeding-places have ceased to 
exist. The following are the chief artificial breeding-places of mosquitoes in Bathurst :— 

1.—Canoes, boats, lighters, and cutters on the foreshore. The making of boats 
appears to be a rather extensive industry amongst the natives at Bathurst ; the boats 
are constructed or repaired on the foreshore, in front of Wellington Street. There 
is always a large number of these boats lying on the beach ; some of them have been 
found unfit for repairs and are discarded, others are waiting their turn, it may be, for 
some weeks, and still others are present waiting to be launched. These canoes and 
boats collect rain-water, and in the larger boats the amount of water present is very 
considerable, and often lasts not only between the showers but for a long time after 
the rains have ceased. In one old boat I found water present four weeks after the 
last shower in October. In many of the boats the water was from one to two feet 
deep. On examination, as would naturally be expected, I found these boats almost 
universally infested with mosquito larvae. From a rough estimation I made 
I calculated that each of these boats would produce two thousand 
mosquitoes per week; fifty boats of all kinds producing this quantity 
of mosquitoes is a total of one hundred thousand insects per week 
distributed into the town. It will be seen, therefore, that these boats provide 
excellent and very extensive breeding-places for mosquitoes throughout the wet season 
and for a portion of the dry. There is no doubt that the houses in Wellington 
Street derive most of their mosquitoes from these artificial breeding-grounds. The 
mosquitoes found breeding in these boats were, in order of frequency :— 

Stegomyta fasciata 
Anopheles costalis 
Culex duttoni 
Stegomyia albocephala 
Culex tigripens 

2.—The Street Drains. The street drains carrying off surface water have been 
described as running down the centres of the streets. They can conveniently be 
arranged under three heads with regard to their capacity for acting as suitable breeding- 
places for mosquitoes. 

(a) The large main channels (three to six feet deep by six feet wide), which 

open into the river at the sluice gates. These drains occur in Hill Street, 
Alglesea Street, Picton Street, Blucher Street, and the large drain on one 


PLATE I 


‘This drain, being con- 


Llewellyn Street drain, near Clifton Road, in the dry season. 
structed in sand, with no protection against falling in of the sides, allows of the formation 
of suitable puddles for breeding mosquitoes. Avopheles costalis principally breed in this 
Water collects underneath the low bridges crossing the drain, in which many 


drain. 
mosquitoes are found at the end of the wet season. 
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side of McCarthy’s Square. In these drains I was never able to find 
mosquito larvae during the months of October, November, and the first 
part of December, although surface water from one-half to three feet 
deep was always present in them. There is no doubt that the absence 
of larvae in these drains was due to the large quantities of small fish 
which are continually swimming up and down the channels in small 
shoals of from thirty to sixty. The sides of the drains being perfectly 
smooth, no protection is afforded to the larvae. As the dry weather sets 
in the water gradually sinks lower and lower in the drains, until water 
is only present for a distance of twelve to fifteen yards from the sluice 
gates. This amount of water is present probably throughout the dry 
season, as it is tidal water which oozes into the drains through the sluice 
gates. In the process of drying-up, the fish die out or are killed 
when the drains are cleaned at the end of the wet season. The 
disappearance of the fish was followed by the presence of mosquito 
larvae in the water. At the end of December and in January I found 
innumerable quantities of mosquito larvae in the water in Hill Street 
drain, near the sluice gates, later, in Alglesea Street drain, and, just before 
I came away, in Picton Street and Blucher Street drains. These mos- 
quitoes were principally Culex thalassios, Culex duttoni, and a few Anopheles 
costalts. 

(2) Shallower drains, made of brick or stone, either partly cemented or not at 
all, varying from one to one-and-a-half feet deep ; these drains either 
discharge at right angles to the larger drains or are continuations of 
them into the centre of the town. They vary with regard to their 
fitness to act as breeding-places of mosquitoes according to the seasons 
of the year. In the wet months they are probably free from mosquito 
larvae, owing to the amount of water passing along them, and thus the 
small fish would be able to swim up from the main drain. At the 
beginning of the rains and end of the wet season mosquitoes can breed 
in them. In October and November I found that after the rain small 
pools of water collected, owing to the unevenness of the cemented bed of 
the drain, after the main mass of water had passed away. This condition 
occurs in the drains of the following streets: Lemon, Hagan, and the 
town end of Blucher and Picton Streets. The other condition present 
in these drains, and of more importance than the irregularities in the bed 
of the drains, is the fact that many of these shallow drains are not com- 
pletely lined with cement, so that they allow the ground water to percolate 
into them. This water I found formed a very slow stream along the 
course of the drain, about one-half to one inch in depth, and was very 
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suitable for the development of mosquito larvae, which were present here 
in fair numbers, chiefly larvae of Anopheles costalis. This condition 
obtained, when I arrived in Bathurst, and lasted through the months of 
October and November, that is, until the level of the ground water had 
sunk below the bed of the drain. The streets in which these conditions 
occurred are Dobson Street, Hagan Street, Blucher Street, Hill Street, 
part of Lemon and Buckle Streets. 


(c) The other kind of drain occurring in Bathurst is that which has been 


described as a trench dug along the centre of the streets. These drains 
either communicate with the big drains or discharge directly into the 
swamps. It was pointed out that the depth of these drains vary, and 
that they often are converted into a series of pools by rubbish and sand 
either thrown into them or by natives walking across. I found these 
drains to be almost universally infested with mosquito larvae, which 
occurred in great quantities along their course, and were for the most 
part all of the genus Anopheles ; only very occasionally did I find the 
Culex type of larvae in any amount. The small fish, which have been 
mentioned as being so beneficial in keeping the larger-made drains free from 
mosquito larvae, though occurring also in many of the grass-choked 
drains, are here at a disadvantage, the larvae being to a great extent pro- 
tected by the grass and sticks amongst which they can hide; also pools cut off 
from the main masses of water occur in which fish cannot gain entrance. 
These drains supply Bathurst with the majority of its 
mosquitoes during the months of September, October, and 
November. They occur in the following streets: Fitzgerald Street, 
the drain runs along the centre of this street from the corner of Kent Street 
to Box Bar, where it is supposed to empty itself by a channel running down 
Lovel Place, entering the main drain leading intoa swamp. The uselessness 
of these stretches as a whole are well illustrated by this drain, where I found 
the outlet completely blocked up with sand and rubbish, so that water would 
of necessity flow over Lovel Street to get into the swamp, and small fish 
for this reason also could not possibly gain entrance. Further, the drain 
itself had been converted into a series of long pools by the natives walk- 
ing across, carrying with them sand, etc., and, lastly, the thick, rank grass 
growing in the bed of the drain, together with its naturally small fall, 
tends to retain the waterinit. This drain is bricked across by two or three 
low, brick arches at the street crossings. Underneath these arches the 
bed of the drain dips, so that water collects in considerable quantity, 


which I found contained many Anopheles larvae ; also, in the course of 


PLATE II 


One of the central grass-clogged drains at Bathurst in the dry season at a spot 
where the course of the drain is obliterated by reason of natives walking across ; at the end 
of the wet season this drain is a series of long puddles breeding large quantities of 


Anopheles. 
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the drain a cemented catch-pit occurs, one foot in depth ; this I also 
found afforded an excellent place for mosquito larvae. A few other drains 
in a similar condition to the one described above must be specially 
mentioned. Commencing at Government House and running behind 
the Hospital and Telegraph Station is a rather deep drain, which takes the 
water from a small swamp in this region, discharging into Box Bar by 
two smaller drains crossing Clifton Road and running through Portuguese 
Town. In these drains mosquito larvae are very abundant until the end 
of November, and especially was this the case in the two smaller drains. 
One of these small drains crosses Clifton Road at the back of the 
Hospital ; being dug out of pure sand its bed naturally was dammed up 
by the falling in of the sides of the drain. In the dry season for this 
reason also the drain becomes practically obliterated. The other drains 
crossing Clifton Road, nearer the Cemetery, were also converted into a 
series of pools by the falling in of sand and rubbish. On my arrival, and 
up to the end of November, these two drains swarmed with mosquito 
larvae ; from a rough estimation I made during these months I calculated 
that one larva was present in every four square inches of surface water. 
These two drains were five hundred feet long, and the water in them on 
an average was two feet across. From these data one is able to calculate 
approximately the number of larvae occurring in the drain, and, also, the 


number of mosquitoes issuing into the town per week from them. 


The following are some of the principal streets in which the drains occur :— 


Long Street, Grant Street, New Street, Allan Street, Kent Street, Clarkson 
Street, Dobson Street, Perseverance Street, Prometheus Street, the shore end of 
Buckle Street, Lemon Street, Picton Street, the town end of Lancaster Street, the 
swamp end of Hill Street. 


In some of these streets the earth dug out to form the drain has been piled 
up on either side of it, so that the surface of the street falls away from the drain. 
These grass-overgrown ditches also occur around some of the native compounds in 
New Town, on the south side of Box Bar, on three sides of McCarthy’s Square, and 
on either side of Clifton Road, bordering Portuguese Town. These drains are 
certainly to be condemned ; even’after heavy rains they appear to allow very little of 
the surface water to pass along them. Dr. Forpe informed me that he has observed 
very little current in these drains after a heavy shower, and I have made a similar 
observation. They then collect'the rain-water, which stagnates and becomes foul, 
and only disappears when the level of the ground water sinks below the bed of the 


ground, that is about two months after the rains. They have been shown to be often 
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converted into a series of pools by the pouring in of sand, and are often blocked at 
their outlets in a similar manner, so that fish cannot gain entrance. They thus form 
excellent breeding-grounds for mosquitoes, and, as I have shown, especially for the 
malaria-bearing variety (Anopheles). The species of mosquitoes found in the drains 
of Bathurst in order of frequency are :— 


Anopheles costalis. 

Culex thalassios (in drains containing tidal water). 
Culex hirsutipalpis. 

Culex duttoni. 


3.—Wells. During the month of October I found that the wells of Bathurst 
were not a fruitful source for mosquitoes, though larvae were present in some of 
them ; still, as a whole, they did not provide extensive breeding-places. After the 
rains had ceased and as less and less water was to be found in the drains and swamps 
I observed that mosquito larvae occurred more frequently in the wells. The public 
wells, some fourteen in all, were examined at various times during October, Novem- 
ber, December, and January ; in only one (Lancaster Street) were mosquito larvae 
found. This well had become foul, chiefly from rubbish thrown into it, and very 
soon after mosquito larvae swarmed in the water. The native population almost 
universally obtained drinking water from the public wells, and water is thus being 
drawn from these wells practically all day long. It would appear from this constant 
disturbance of the water that these wells were not suitable breeding-places, as I found 
that in many similar wells in private compounds in which the water was equally good, 
though less frequently drawn, mosquito larvae were easily obtained. Fifty-five large 
private wells were examined, occurring in compounds throughout the town ; it was 
found that those wells which had good covers were almost free from mesquito larvae, 
while all the others contained larvae in quantities depending on the frequency with 
which water was drawn from them. The small shallow tub wells occurring in large 
quantities all over the town were found to contain mosquito larvae, chiefly of the Cu/ex 
kind, in sixty per cent. of those examined during the month of October. It was also 
noticed that when one of these wells became foul, and from this cause discarded, the 
larvae occurred in greater abundance ; not a few such tub wells exist throughout the 
town. It was also noticed how very rapidly the larvae sank to the bottom of the well 
on the slightest disturbance of the water. All the wells, both public and private, were 
re-examined systematically in the latter part of December and January by the 
Sanitary Inspector with the object of determining the percentage in which mosquito 
larvae occurred. The result is given in the following table up to the time of my 
departure from Bathurst ; this includes nearly all the public and private wells, and 
probably about two-thirds of the small tub wells. 
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: : 
| : No. of Wells Presence of | Anopheles and Culex Culex type ot 
| No. Examined ‘ , en | ay 
covered Anopheles larvae | type of larvae larvae 
| | 
Tub wells <8 217 —= = | 8 198 
| | 
Stone wells— | 
i] 
Public aA 14 I | — I = 
Private 55 13 | I 8 35 


From the above table it will be seen that over ninety per cent. of the small tub 
wells already examined were breeding mosquitoes. With regard to the large private 
wells those in which larvae were found were generally the ones improperly covered. 
In this connexion it is interesting to record the examination of a large stone well in 
the yard at the Police Station, which was extremely well covered in, the only entrance 
as far as one could detect on superficial examination was the small wire gauze lid. 
In the early part of my stay in Bathurst I had not detected any mosquitoes in the 
water, in December this well became foul; it was emptied and cleaned, but afterwards 
the water was worse than ever, having a very strong smell; the contamination was 
very probably due to a leaking midden in the neighbourhood. Orders were then 
given that no water was to be taken from the well, and the small lid was locked. 
Before the filling in of this well was accomplished I examined this well and found 
mosquito larvae were present in it, and many young mosquitoes dead on the surface 
of the water. On closer examination of the well I discovered two small holes 
between the stone rim and wooden cover. These two holes were the only means by 
which mosquitoes could gain entrance into the well to lay their eggs, but the young 
mosquitoes apparently had failed to detect these exits and had died in their endeavours 
to get out through the wire gauze of the lidin the cover. It will be seen how 
important it is for wells to have a perfectly fitting cover. The mosquitoes which 
breed in the wells at Bathurst during the latter part of the year are : 


Anopheles costalis (chiefly in the large built wells) 
Culex faligans 

Stegomyia fasciata 

Culex tigripes 


Culex duttont 


x ‘ 
ve , 3 
< 7 os i 
. i 
toa 
3) - =, 
f A 
au 4 foe 
\ 5 
, ‘ f 
oo 
= ’ 4 
_- = 
2 ‘ 
. : 
, : r 
* fi 
‘ 
ry 
[ 
_ . 
E e 
* 
‘ 4 
\ & 7 
“ 
7 ‘ 
- ‘ 
: ‘ 
\ ‘ 
~ 
SS 
‘ i 
‘ ' / 
7 = 


MALARIA EXPEDITION TO THE GAMBIA 25 


BrREEDING-PLaces OccurrinGc Rounp Houses anp In ComMpounps 


The number of mosquito breeding-places present in compounds 
was found to vary with the social position of the occupier. In small 
compounds of the poorer natives, where one or two huts were present, no breeding- 
places were found. These natives had no discarded bottles, etc., in which water 
could collect, nor were wells or tubs or any article for the storage of water present, 
sufficient water for the day being drawn from one of the public wells. These com- 
pounds were exceedingly clean and tidy, and no mosquitoes were found breeding in 
them. Excepting these, breeding-places were found and increased in extent and num- 
ber in proportion to the wealth and position of the occupier of the compound, 
reaching a maximum on the premises of the larger traders (natives and white), where 
innumerable facilities for \the development of mosquitoes were afforded. These 
breeding-places included all those domestic articles which are capable of containing a 
small quantity of water after showers lasting over a week without being dried up, or 
are not dried up between the frequent showers in the wet season. Such articles found 
were broken bottles, either stuck on a wall or scattered over the compounds, iron pots, 
old calabashes, tin-lined packing cases, cocoanut husks, fowl troughs, and old tins of 
all sorts. There was found an extraordinary amount of such-like rubbish in some of 
the factory compounds, the more specialized breeding-places included tubs, used for 
the storage of rain-water or as wash tubs for bottles, or in which water was placed for 
the preservation of the tub. Large barrels in which fibres were soaked, garden tubs in 
which water was stored for gardening purposes, old iron boilers for the collection of 
rain-water, improperly covered rain-tanks formed other breeding-places. In some of 
the factories a small gutter six inches across by four feet deep is let into the cemented 
floor of the yard around the ground-nut store house. This gutter is kept full of water 
to prevent the entrance of the ground-nut insect into the store. These gutters swarmed 
with mosquito larvae. In some yards a small channel runs down the centre to drain off 
rain-water, and is generally covered over with a board. It was found that some of these 
had become clogged up at intervals with sand and rubbish, so that small pools of water 


collected along their course; these pools acted as breeding-places for mosquitoes. 
An account of an examination of one of the larger European factories 
will illustrate to what extent mosquitoes are bred by the white man 
in the tropics on his own premises. In the factory yard were six 
barrels containing water, in some the water was very foul; in the 
garden were seventeen tubs containing water for gardening purposes, 
and besides this number of tubs there were eight small weils, all 
uncovered. In all these articles mosquito larvae were present; in 


d 
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the barrels in the yard the water swarmed with Culex and Stegomyia 
larvae, and in the wells and tubs in the garden the larvae of Anopheles 
and Cu/ex were found in all of them in good numbers. Besides these 
breeding-places there were many domestic articles scattered about 
in odd corners of the yard, which in the wet season would also have 
acted as breeding-places. 


Tue Species or Mosgurrors Found 1n Compounps 


It was observed that larvae of 4. costalis were frequently found in rain-tubs 
and smaller articles containing water. Though many of these larvae may have been 
originally transferred to some of these articles along with the water drawn from the 
well, yet the occurrence of batches of larvae of the same age and in fair numbers would 
tend to show that this species of mosquito avails itself of these small collections of 


water in which to breed. 


Stegomyia fasciata, in tubs and old bottles, etc. 

Culex fatigans yg, 5 especially when the water was foul 
A. costalis, tubs and barrels 

Culex duttoni 

Culex birsutipalpis 


Stegomyia pagens (rare), in ground-nut gutters 


The wash-tubs, garden-tubs, wells, and rain-barrels occurring 
in compounds form the chief source of mosquito in Bathurst for at 
least six months of the dry season, when all other breeding-places, 
artificial and natural, have ceased to exist. 


Natrurat Breepinc-Piaces ror Mosquitoes IN BATHURST 


The natural breeding-places for mosquitoes in Bathurst occur for the most 
part in the swampy districts, namely, Box Bar, Half Die, and the small swamp behind 
the Hospital ; a few natural hollows in some of the streets, more especially those 


bordering on the swamps, collect rain-water, in which mosquitoes breed. 


Box Bar. \n the wet season this swamp is covered by a considerable mass of 
water, which encroaches on to New Town and Portuguese Town and into the centre 
of Bathurst at Albion Place, the streets in these neighbourhoods being flooded at this 
season of the year ; how far this swamp acts as a breeding-place for mosquitoes in 


the height of the wet season (July and August) I cannot say definitely, but judging 
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from the conditions which obtain at the end of the wet season, when I personally 
examined the swamp, I surmised that puddles are formed in the natural hollows of 
the streets all along the margins of the swamp, namely, Albion Place, Perseverance 
Street, etc. ; indeed I found, on arriving at Bathurst, remains of puddles in these 
streets ; some were dried up, others still contained a little water, in which Anopheles 
larvae were present. Box Bar swamp presented some interesting features during 
the months of October and November. A long, partially constructed central channel 
runs the length of the swamp, opening by means of double sluice gates into the Oyster 
Creek at the back of the town. This channel contains a large quantity of water, which 
overflows on to the swamp after heavy rains. On either side of this channel the land 
gradually rises one to three feet to Portuguese Town on the one side and New 
Town on the other ; it is covered with grass and a few low bushes. This land has a 
very uneven surface ; there are very many hollows and depressions occurring at 
intervals amongst the grass, and also not a few large round holes three to four yards 
across, which may have been formed by the natives in obtaining sand ; also, on the 
borders of the swamp, especially around New Town, trenches occur choked with 
grass. Lastly, innumerable crab holes are present everywhere, and on to the surface 
old tins and calabashes are thrown. In the central mass of water I was never able 
to obtain mosquito larvae, undoubtedly owing to the enormous quantities of small 
fish which are always present in the water. But in October and November the 
hollows and depressions mentioned above as occurring amongst the grass contained 
water, which was cut off from the main channel, and thus unable to drain away, nor 
could small fish gain entrance ; it was thus to be expected that these pools should 
contain innumerable mosquito larvae. Three large pools in close relation to this 
swamp, situated together near the cemetery, must be specially mentioned ; these pools 
measured twenty to twenty-five feet across, and contained water in December, when the 
swamp pools proper had completely dried up ; they were used then for watering cattle. 
As Box Bar swamp dried up these pools became more and more infested with mosquito 
larvae, though one of them remained free for some time. In it the water was com- 
paratively sweeter than the other two, and small fish were present. As the dry season 
advanced the water in these pools became exceedingly foul, and enormous numbers of 
larvae, chiefly Anopheles, were found. A long, narrow pool occurs in this neighbour- 
hood, along the side of the cemetery ; this pool communicated with the creek, and 
is flushed with tidal water ; though the water present in it was foul, and had a dis- 
tinctly unpleasant smell, no mosquitoes were found breeding in it. 

Half Die. This swampy district'is drained in a similar manner to Box Bar 
by means of a central channel opening into the creek by sluice gates. No mosquitoes 
were ever found breeding in the central mass of water. The swampy surface is much 
more level than Box Bar, and very little grass is present. Native huts are built close 


up to the margin of this swamp, practically on all sides, and it is in their compounds 
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and in the adjoining streets, in which depressions either natural or dug out by the 
natives occur, in which mosquitoes breed. In these compounds, also, I found many 
old crab holes containing larvae. Owing to the comparative evenness of the surface, 
pools formed in this neighbourhood cannot exist for long after the rains have ceased ; by 
the middle of November there were only one or two natural breeding places to be found. 
The level of this swamp is being rapidly raised by the deposition of sand taken from 
the beach ; already the area which has been completed has proved a success. The 
native compounds built on it were comparatively free from water during the rainy 
season last year. The remaining swamp to be mentioned is a small one extending 
from the back of Government House to just beyond the telegraph station, and is 
limited on the town side by Picton Road. In this swamp water collects in the rainy 
season and lasts for some time after the rains have ceased, especially in the drain 
running down its centre which has been previously described ; pools and depressions also 
occur amongst the grass. This swamp supplies Government House, the !osnital, 
and other European quarters in this neighbourhood with a considerable number of 
mosquitoes. The mosquitoes found breeding in the above swamps were in order of 
frequency : 4. costalis (the larvae of this mosquito were found in disused crab holes 
containing water on several occasions, principally in Half Die swamp), Culex halassios, 
Culex duttoni, Culex tigripes, A. pharoensis (rare), Culex euclastos (rare). 

The swamps described above are not flushed by tidal water owing te the ow 
wall which surrounds the town in their neighbourhood, and also because he si ce 
gates are only opened at ebb tide; still a little tidal water gains entrance int: the main 
channel by leaking through the gates. 

There is a considerable variation in the number of breeding-places in Bathurst 
according to the season of the year. In October, when I landed there, the rainy season 
was rapidly drawing to a close, only a few heavy showers occurred at the beginning of 
the month. Altogether there was 3°81 inches rainfall. At the beginning of this 
month all the breeding-places described above were present, at the end of the month 
practically all the natural and many of the artificial (drains and boats) were dried up. 
Accompanying this drying up of the breeding-places there was a slight diminution 
of mosquitoes in some parts of the town (Government House, Hospital, Telegraph 
Station), but no marked diminution in factory compounds or native quarters. From 
November onwards, until the commencement of the rains at the beginning of June, 
the only places in which mosquitoes can breed are wells, tubs, and other articles for the 
storage of water in compounds, in the tidal water in some of the main drains near the 
sluice gates, chiefly in Wellington Street, and in the three pools near the cemetery. 
An examination of the mangrove swamp at the back of the town was made on several 
occasions, but no breeding-places were found, though some puddles were present 
which appeared to be suitable. It is very probable that the absence of breeding-places 


in the mangrove swamp is due to the ebb and flow of the tide and the presence of fish. 


PLATE III 


The termination of street drain at sluice gate; in the dry season tidal water 


percolates into the drain through the sluice gate ; in this water many mosquitoes breed, 
more especially is this the breeding place for Culex thalassios. "THEO. 
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ActTion or Trpat Warer on MosagulToEs 


Experiments were undertaken to see how far mosquito larvae would thrive in 
tidal water ; larvae of 7. costalis of various sizes were taken and were placed in tidal 
water in large glass jars, and supplied with food. Various percentages of salt water taken 
from the beach at high tide were added, at the same time control batches of similar 
larvae were kept in vessels containing the water in which they were breeding. It was 
found that many of the young and medium-sized larvae died in six to eight hours in 
the jars containing seventy-five per cent. of sea water, below this percentage they 


remained alive. 


In one experiment in which larvae were placed in undiluted tidal water, one 
large larva remained alive and changed into a pupa in three days after the experiment 
started. A garden tub in which mosquitoes had been breeding was emptied and 
cleaned, and sea water, taken as the tide was coming in, placed in it, the other tubs in 
the garden being covered with mosquito netting. In four days afterwards a batch of 
small Anopheles larvae was discovered in the water, which subsequently hatched out 
into adult mosquitoes (4. costa/is) seven days later. This experiment was repeated 
with the result that first eggs of Juopheles and also Culex appeared in one or two days 
after the tidal water had been placed in the tub, and subsequently adult insects 
hatched out from them. From these experiments it would thus appear that 
certain kinds of mosquitoes can breed in tidal water if it is not disturbed, 
and subsequently when the dry season had fully set in, I found larvae in suitable tidal 
pools, namely, as I have already mentioned, in the drains near the sluice gates in which 
tidal water had soaked in through the gates. In this water, which contained 1038°5 parts 
of chlorine per 100,000 parts, I found a few larvae of 4. costalis and large numbers of 
Culex halassios. On another occasion, in December, I found these mosquitoes breeding 
in asmall hole from which shells had been taken, close to the edge of the water at the 
mouth of Oyster Creek. The Cu/ex were subsequently hatched out from this tidal water, 
but the 4nopheles larvae were nearly all infested with a fungus (not identified) which gave 
them a woolly appearance, and I failed to hatch out any of them. I observed 4. costalis 
breeding in a similar salt-water pool during a period in which neap tides occurred. 
The tidal water in an arm of the central channel in Box Bar, running from the sluice 
gates to the cemetery, had become converted into a series of small pools by partial evapo- 
ration of the water, though at every tide some water leaks through the sluice gates 
into this channel, but during this period it was not sufficient to replenish this small 
branch drain. Anopheles larvae were found in great numbers in these pools. It is 
interesting to note, also, that at this time two of the largest pools which were situated 
close by, and have been described as swarming with mosquito larvae, had been filled 
in with sand. Samples of water taken from various parts of the town were examined 


for the amount of chlorine present in them, the result is given in the following table. 
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Chlorine expressed as per- 


Sample of Water Chlorine per 100,000 parts centre GeNaCl 


1. Public well, New Town, no mosquitoes 
present in water Ate ne ois 161°2 265 


2. Public well, Lancaster Street, water rather 
foul, Anopheles larvae present in numbers 1148°0 1°89 


3. Public well in Clifton Road, behind Hospital, 


no larvae present a 186°0 0°3 
4. Water (tidal) found in drain near sluice gate, 

Blucher Street, 4. costa/is and large quan- 

tities of C. Aalassios present sists sie 1038°5 1°71 
5. Small well in private garden, Cu/ex present, 

few only... ae De ee ae 27°9 O04, 
6. Small well in native compound, Victoria 

Street, Cu/ex larvae present... oe 1145°0 1°88 


Mosgurtors PRESENT IN THE GAMBIA 


The commonest mosquitoes met with in Bathurst were Stegomyia fasciata and 
A. costalis. After these may be mentioned Culex fatigans, Culex duttoni, Culex halassios ; 
the latter, a new species, was especially frequent in December and January, and bred 
in the tidal pools of water as described above. While in Bathurst I never saw 
specimens of 4. funestus. Out of a series of Anopheles which had been bred, or 
captured in various parts of the town, Mr. Tuerosatp has failed to detect one; on the 
other hand, at Baia and McCarthy Island, in the Hinterland, I did not obtain a single 
A. costalis ; here all the Anopheles caught were the small 4. funestus and its varieties. 
At Baia, out of two hundred mosquitoes brought to me by natives, all were 4. funestus 
except one ; these mosquitoes could be caught at any time of the day in the native 
huts, they were found resting on the wall, some had evidently fed not many hours 
previously; the ovaries were in all stages of development. At McCarthy Island 
I found, at 1 p.m., a great many 4. funestus on the walls of a room in Government 
House in which a European slept. No other kind of mosquito was present. At 
Baia and McCarthy Island, in December, when everything is dried up, the river and 
a few marshes were the only available breeding-places. At Baia the river was three 
miles away from the town, and the only marsh near was two miles away. The 
only breeding-place in the native town was an old disused well, which was found to 
be thirty-four feet deep ; at this depth only Culex larvae were found in the water. 
At McCarthy Island I never found mosquito larvae in the river, but in a swamp half- 
a-mile away from the town they occurred in great numbers. At the Cape, where a 
similar marsh to the one on McCarthy Island occurred, 4. funestus was the chief 


mosquito found in the native town; but here 4. costa/is was also present in 
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small quantities. The specimens obtained were caught chiefly in the European 
compounds. At the Cape a few artificial breeding-places were found in compounds. 
It would appear then that 4. fumestus and its varieties are rural mosquitoes, and 
require rather special breeding-places, while 4. costa/is is essentially a town-bred 
mosquito, and capable of utilizing any small collections of water for breeding purposes. 
At Bathurst I obtained one single specimen of the genus Panoplites, which was caught 
in the prison (P. uniformis, TuroBaLp). This species of mosquito was never found 
breeding around Bathurst, and these mosquitoes were only seen in the marshes at 
McCarthy Island and Baia. Here they occurred in considerable numbers, and 
attacked natives and whites crossing the marsh at all times of the day ina very vicious 
manner. The observation of Durnam and others with regard to Stegomyta fasciata was 
fully confirmed at Bathurst ; these mosquitoes only bite during the day, more 
especially in the early part of the afternoon. None of this species were collected 
in mosquito nets during the night. As yet we have no method by which any 
approach to the exact estimation of the number of mosquitoes in a district can be 
ascertained, although a rough estimation may be got from the number and extent of 
the breeding-places ; also the presence of mosquitoes at times when no breeding- 
places can be found, can be demonstrated by the construction of artificial pools as 
described by the Members of the Royal Society’s Malaria Commission. No reliance 
can be placed on the statements of the white man in Africa as to the presence, or 
absence, or number of mosquitoes in the district. Many men become immune to 
the bites of mosquitoes after a time, and on the other hand, one or two importune 
mosquitoes cause as much annoyance as many. With the object of obtaining some 
idea of the number of mosquitoes entering a house at night, I employed the 
mosquito net method, which was found so useful by the Members of the Liverpool 
Malaria Expedition to Nigeria, in detecting the presence of mosquitoes in the absence 
of breeding-places. The Hospital was selected as the site for the experiment, and a 
net free from holes was rigged up over a bed in one of the wards, in which one of 
the orderlies or native patients slept. The net, instead of being tucked under the 
mattress in the usual way, fell short of the bed clothes, a space of two to four inches 
being left between the edges of the bed and the bottom of the net. The net was 
put down every night before the sun went down. During the evening, mosquitoes 
obtaining entrance below after feeding would climb to the top of the net. These 
were collected about 6 a.m. in the morning by myself or an intelligent orderly who 
brought them to me. Mosquitoes failed to find exit in nets rigged up in this manner 
even when they have become quite lively. The result of the experiment, which is 
given in the following table, was carried on throughout the months of November, 
December, and part of January. Though this method is as yet very imperfect it 
might be useful and interesting to rig up a similar net in the wet season, and to 


compare the numbers caught at the time. During the time this experiment was 
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proceeding it must be remembered that all the natural breeding-places near the 
Hospital where completely dried up, and in the Hospital compound itself no artificial 
breeding-places occurred. 


Mosouiro Ner ExpeRIMENT 


No. present 


No. present 


Date in net REMARKS Date in net REMARKS 
each day each day 
Nov. I 3 1 Culex, 1 A. costalis, Dec. 17 fe) 
mre Q 1. pharoensis 18 : ae 
a Le: fe) 5 UG) 2 A. costalis, Culex 
» 15 fe) >» 20 I A. costalis 
ame C2) I Culex » 21 fe) 
9 T7 ul A. pharoensis 9 22 I A. costalis 
Pe ise! I Culex 3) 2 Culex 
me 3 All Culex fatigans ee ° 
» 20 3 Culex a. 25 ° 
» 21 3 All A. costalis a 28 2 A. costalis 
9 22 7 3 A. costalis, 4 Culex » 27 7 All A. costalis 
» 23 I Anopheles » 28 ° 
ee: 2 Culex fatigans » 29 4 A. costalis 
» 25 2 Culex » 30 3 » 
20 I A. costalis » 31 I »” 
on 27 Jan I 2 - 
‘o | Away up river, mosquitoes a wee I ; 
not collected 
Dec 3 J ” 3 2 ” 
» fo) 270 ae : a2 
5 fe) 29 5 I ”? 
° 6 P = 6 2 - 
” 
a 1G) 3 A. costalis ce : 
eels 2 1 A. costalis, 1 Culex » § ° 
9 fo) I me - 
we - a Osh fe) 
Dre Wi wess lel 5 1 Culex, 4 A. costalis 
» Il I » (COS; 
ae o |» 12 fo) 
ee Ge) 3 A. costalis 
ls fo) 
soe La 2, A. costalis and C. fatigans | a 7 ss 
yy US 2 Culex » 15 ; 2 
2 A. costalis, 1 Culex 


A. costalis | 
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V. PREVENTION OF MALARIAL FEVER IN THE GAMBIA— 
DESTRUCTION OF MOSQUITOES 


Practical measures against malaria have already been briefly referred to in an 
earlier part of this report. It remains now to consider how far these measures are 
applicable to the conditions which obtain in Bathurst. For convenience we may 
consider them under two heads :— 


1. Measures for protection of the individual—individual precautions. 
2. Measures for the protection of the community. 

Preventive measures, including the prophylactic use of quinine and the various 
methods for the prevention of bites from mosquitoes, which can be adopted by every- 
one in the tropics, have already been carefully described and summed up by various 
writers, so that little need be said here. There ts no doubt that the number of bites 
from the Culicidae in the tropics can be greatly diminished by the careful use of the 
mosquito net, and thus the risk of infection from malaria lessened. But even this simple 
measure, as other observers have said, 1s astonishingly neglected and abused in Africa, and 
this abuse, unfortunately, is greatest among the European traders and their clerks, where 
the chance of malarial infection is greatest. It is curious to note, after very careful 
demonstration in the way in which the net should be used, how soon one finds 
the nets of the Europeans acting as mosquito traps. In Bathurst a few of the 
Europeans have anti-mosquito bedrooms; they are on the whole good, but 
great care will be necessary to keep them free from holes, as they are made of 
mosquito netting; also the ‘boys’ are very apt to leave the doors open during the day, 
thus allowing the entry of mosquitoes. I understand that Government will 
soon supply all the officials with a mosquito-room, and there is no doubt that with 
care they can be used with some measure of success. In this connexion it would be 
a great advantage if the ward at the hospital in which the European patients are 
treated were made mosquito proof. Mosquito nets over patients’ beds are unsatisfactory, 
owing to the necessary disturbance which takes place in connexion with the treatment 
of the patient. Besides the precautions directed against mosquitoes, there is no doubt 
that exercise and fresh air helps one, and in Bathurst special facilities exist for such 
exercise. There is a fairly good road for cycling, driving, or riding ; and amongst 
games, tennis, cricket, and even football may be played. It is probable that it will be 
some time before the malaria mosquito investigations will be appreciated by the white 


man in Africa, and even when this desired result is attained, one cannot rely upon the 


Je 
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individual to protect himself against malaria. Therefore an important matter presents 
itself for consideration in each West African Colony, namely, how far can the white 
population be protected and to what extent can suggested measures be made applicable 
to the various districts and towns in the Colony? The three most’important sugges- 
tions which have been put forward for this purpose (the protection of a country) are : 

1. The destruction of the malaria parasite in the intermediary host (man) 

by means of quinine. 

2. Segregation. 

3. Destruction of the mosquito. 

Kocu first suggested the administration of quinine on a large scale, and applied 
it with some success to communities in German East Indies. In Africa, at Lagos, 
quinine is given gratuitously to the natives. This measure to be efficient must be 
energetically carried out, that is, each individual member of the community harbouring 
malaria parasites must be dosed with the drug. Neglecting the large expense it 
would entail this measure alone is not applicable in Bathurst, it would be difficult to 
carry out in an efficient manner. It would be impossible, until education has further 
advanced, to get the natives to submit to such treatment without using force. 

In Bathurst, the valuable method of segregation is not feasible, as the 
town is already laid out, and good houses, occupied by Europeans, are situated in 
many of the streets, and surrounded by, as a rule, equally well-built native quarters ; 
still, in a small way, in one part of Bathurst this measure could be applied, namely, 
to the piece of land extending from the beach to Clifton Road, on which are situated 
Government House, Hospital, and other European quarters ; this area should be 
kept free from the native huts. The method of segregation is applied to some ex- 
tent among the Kuropean Commissioners, their huts at the various native towns being 
built three hundred yards away from the native compounds. The segregation prin- 
ciple should also be adopted when new administrative quarters are built in the Colony, 
new bungaloes should not be erected within a distance of half-a-mile from the native 
quarters ; this rule should also be seriously considered by the European traders 
choosing a site for a new depot. 

The last method, which has been so ably advocated by Professor Ross, deals 
with the destruction of the mosquito by the elimination of its breeding-places. In this 
method the point aimed at is to reduce the number of all species of mosquitoes in 
certain suitable districts; it appears to me that the town of Bathurst is especially 
suitable for the accomplishment of such a measure. It is situated as described on a 
practically isolated piece of land surrounded on nearly all sides by a broad expanse of 
water. The amount of land to be dealt with is comparatively small, namely, about a 
square mile, the surface is fairly level and sandy, readily absorbing water. In this 
area the breeding-places of mosquitoes are a known quantity, the artificial (those 


made by man) being in excess of the natural. The rainfall for a tropical country is 
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very small, and rain occurs only in four out of the twelve months of the year. 
Finally, in the dry season, as already stated, the breeding-places of mosquitoes occur 
only in the various yards and compounds. Excluding malaria, there are other 
reasons why an attempt at the destruction of mosquitoes should be undertaken in 
Bathurst, the close proximity of Dakar and St. Louis in the Senegal, at which places 
epidemics of yellow fever have broken out from time to time, is a danger to the 
inhabitants of Bathurst (in 1g00, at Dakar and St. Louis, there were four hundred 
and ninety-five cases of yellow fever, with two hundred and twenty-five deaths), thus 
the probability of yellow fever being introduced into Bathurst from these ports by 
traders and others,* and its spread amongst the Europeans in this town by the means 
of mosquitoes is not to be disregarded. There is yet another disease very prevalent 
in Bathurst which is also spread by means of mosquitoes, namely, Filariasis. An 
examination of the blood of a number of the inhabitants revealed the presence of 
filarial embryos in thirty-four per cent. of those examined. Cases of Elephantiasis 
are frequently seen in the streets of the town. In Bathurst it is thus especially needful 
to diminish as far as possible the number of mosquitoes which infest the town. 

In chapter IV, I have described the various mosquito breeding-places occurring 
in Bathurst ; here it remains to discuss the methods most suitable for their abolition. 

Artificial Breeding-Places. Vhe discarded domestic articles, including tins, 
bottles, calabashes, etc., must be collected and removed from all compounds in the 
first instance, and provision against their re-accumulation 1s necessary ; this might 
be accomplished by a systematic collection under the supervision of the Sanitary Board. 
The rain tanks and barrels for the storage of rain water require well-fitting covers ; 
such tanks should not be allowed in compounds without anti-mosquito covers, as 
not only do they breed mosquitoes, but the stored water soon becomes foul by dust, 
dirt, and insects which collect in them. Water tubs required for the soaking of fibres 
should be completely emptied at least once a week, and refilled with fresh water. As 
a further safeguard, kerosine oil should be applied to the surface of the water when 
the tub is refilled. Tubs for the storage of water for gardening purposes should be 
limited in number, and only sufficient water for the day ought to be stored in them, 
These tubs should be completely emptied of water by turning them upside down every 
day ; if this is not done a very considerable quantity of mosquito larvae are likely to 
remain in the small quantity of water left in the bottom of the tub. Gutters round the 
ground-nut stores, when filled with water, should be treated at the same time with 
kerosine oil, an ounce of which would probably be sufficient for each gutter. 

Boats. The following methods of dealing with boats naturally suggest them- 
selves: old boats and canoes should not be allowed to remain on the beach, such 
discarded boats should be broken up. Boats awaiting repairs should be turned bottom 


uppermost, larger boats and hulks, staying short periods on the beach, should be carefully 


* See Chapter I 
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inspected, the rain water collected in them should be baled out as much as_ possible, 
and, in addition, kerosine oil or other culicicide should be applied, as it is impossible to 
bale out all the water from such boats, and even in a very small quantity of water 
many mosquitoes can breed; the boats on the shore should be inspected at least 
once a week. 

Wells. There is no doubt that in Bathurst there is an excess of small tub 
wells out of proportion to the requirements of the natives. In the first instance, in 
dealing with these wells their number should be reduced ; this could be accomplished 
by filling in these wells as they become foul (a condition of affairs which often occurs), 
and prohibiting the digging of new wells without the consent of the local authority. 
A better plan would be to do away with the majority of the native tub wells and, in 
their stead, to increase the number of public wells, properly covered and under the 
control of the sanitary authority. Dr. Forpe has devised, as a preliminary measure 
to control the breeding of mosquitoes in these small wells, a very ingenious cover, 
which also could be utilized as a cover for rain tubs and barrels. This cover 
consists of a large iron hoop obtained from discarded barrels, to which is fastened all 
round a piece of stout calico or sacking free from holes, in such a manner that a good 
deal of sag is left in the material. After water is obtained from the well the hoop is 
thrown over the mouth, and the calico catching on the rim of the well completely closes 
the entrance and is kept taut by the weight of the iron hoop. This cover is so simple, 
and, however carelessly applied, must effectually close the entrance of the tub against 
mosquitoes, that I think it is well worthy of extensive use in the town. Dr. Forve 
had lately informed me that these covers are now being made in Bathurst, and are sold 
to the natives for the sum of fourpence. Another method which I believe to be 
teasible, and certainly applicable to the larger private wells, is to stock them with fish ; 
indeed, I came across four wells in Bathurst in which fish were present, and in which 
I could never detect mosquito larvae. The fish in these wells had been obtained from 
one of the large drains in the town 3 unfortunately, I do not know the species. With 
regard to the large private wells, it is very essential that these should have proper anti- 
mosquito-proof covers. 

Street Drains. \t appears to be unfeasible to allow the open street drains to 
act as drains for subsoil as well as surface water ; in fact, many of the larger drains 
have been well cemented to exclude sub-soil water. From the anti-mosquito point of 
view it is very desirable that the central street drains should only be utilized for carrying 
away surface water. It has been shown that when sub-soil water percolates into these 
drains a most suitable condition for the breeding of mosquitoes is brought about. It 
is therefore necessary that the bed and sides of the street drains should be well cemented. 
Many of the shallow drains require attention in this respect. Catchpits in the course 
of the drain are useless and should be abolished, and also the dips in many of the drains 


occurring underneath the small bridges at the corners of the streets. Frequent brushing 


PLATE IV 


Raising the level of Halt Die Swamp by deposition of sand taken from the beach. 
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out of the drains at the close of the wet season would be helpful for the purpose of 
removal of the small pools of water which collect in some parts of the bed of the drain. 
Special care ought also to be taken to provide for the entrance of fish, which have 
been shown to be such excellent mosquito scavengers. The centrally situated grass- 
clogged drains ought to be abolished ; as drains they are inefficient, and as they form 
the chief source of mosquitoes in Bathurst at certain times of the year, they urgently 
require attention ; many of them could be got rid of by filling in with the earth and 
sand piled up on either side of these drains. Their place should be taken by superficial 
saucer-shaped drains. The filling in of these drains will take some little time, and it 
will be necessary to adopt some method in the meantime to prevent, or at least to 
diminish, the numerous mosquito larvae infesting them. The only feasible way will 
be the employment of labourers to keep the drains free from long grass and rubbish, 
and the intelligent application of kerosine. Also special attention should be taken to 
keep the mouths of these drains free from rubbish, so that small fish can gain easy 
entrance to them. 

Natural Breeding-Places. he abolition of the breeding-places occurring in the 
swampy districts of Bathurst is a work which will take some time, and consists 
practically of raising the level of the swamps by the deposition of sand, together with 
a proper system of drainage. At Half Die swamp the process of filling in was being 
pursued with great rapidity during my stay at Bathurst, and a great portion of this 
area has been raised two or three feet ; still there is a large area of a swampy nature 
in Bathurst to be treated in this manner, and until this 1s accomplished it will be 
necessary to provide some other method of ridding these districts of mosquito breeding- 
places. In this connexion, it must be remembered that mosquitoes do not breed in the 
central mass of water in the swamps, this water being disturbed by winds, the rise 
and fall of the tide (to some extent), and, also, it is well stocked with fish, so the 
mosquito breeding-places to be dealt with will be found along the borders of this 
water, and will vary in position according to the height of the water in the swamp. 

Mention has been made of the holes, irregularities, ditches, and large pools which 
occur on the borders of the swamps (chiefly Box Bar swamp), and in which it was 
shown mosquitoes bred in great quantities. Such-like breeding-places could be dealt 
with by filling them up with sand—the number of them is not very great ; around the 
borders of Box Bar, for instance, there are only about fifteen of the larger holes to be 
dealt with. This work could easily be accomplished during the dry season by a few 
labourers. During the rains special inspection should be made of the borders of the 
swamps, and the breeding-places found treated with kerosine or other oil ; I believe 
that the application of kerosine in an intelligent manner would produce some good 
results, nor do I think the cost would be very great. In the streets bordering on the 
swamps, holes and irregularities occur, but more especially are they found in the native 


compounds in these situations, and in the rainy season, when the swamp water is high, 
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breed many mosquitoes. Such streets and compounds urgently require attention, and 
I would specially mention in this connexion Albion Place, Prescot Street, Perseverance 
Street, and other streets around Box Bar. The natives themselves in these districts 
could do a great deal by raising the level of their compounds by the deposition of 
sand and shells, indeed, some of the compounds have been raised in this way with 
beneficial effects. There is one small swamp, namely, that behind Government House 
and the hospital, which urgently requires filling in, because in this neighbourhood a 
good number of Europeans are stationed, and it is from this swamp that they obtain. 
the majority of the mosquitoes occurring in their houses. 

To carry out the above suggested measures of dealing with mosquito breeding- 
places in Bathurst, it will be necessary in the first instance to appoint a small 
permanent sanitary staff for the purpose, whose sole work would be to destroy 
existing breeding-places and to prevent their recurrence. The sanitary staff should 
be under the control of the sanitary board, and its movements directed by the 
colonial surgeon ; it should at least consist of one inspector having a good know- 
ledge of the mosquito, its larva, and its breeding-places ; under him a small gang of 
workmen, who could easily be taught to distinguish mosquito larva, and a cart for the 
removal of rubbish, tins, etc., from the various compounds would be required. The 
men, besides this work, would be employed in filling up holes and depressions, 
brushing out drains, and applying culicicides when required. It 1s especially necessary 
that such an inspector should understand when and where culicicides ought to be 
employed. Before any systematic work is undertaken, a preliminary removal of 
rubbish from houses and compounds and factory yards is essential. The rubbish so 
collected, which consists of old tins, bottles, iron pots, etc., will be of some value, as 
it can be utilized to fill up hollows and pools occurring throughout the town. After 
this preliminary removal, the work of the sanitary inspector will be :— 

1. A systematic weekly inspection of all houses and compounds, for the 

purpose of searching out and dealing with breeding-places and pre- 


venting the accumulation of old tins, etc. 


i) 


Systematic inspection of the street drains and boats on the foreshore. 

3. Similar systematic inspection for natural breeding-places round the 

margins of the swamps. 

Many of the breeding-places found in this way can be immediately destroyed 
by the inspector by one or more of the methods described above, others more difficult 
to deal with would have to be reported to the colonial surgeon. 

The work of the anti-mosquito staff will naturally vary according to the 
season of the year. The inspection of yards and compounds must necessarily go on 
week by week all the year round, as mosquitoes are breeding in these places at all 
seasons of the year. A great deal of information will have to be obtained by the 


preliminary inspection as to which compounds are the most productive of mosquitoes, 


PLATE 


V 


Preliminary filling in of a grass-clogged ditch at Bathurst with old tins, scrap iron, 
etc., collected from compounds in the town, the source of many mosquitoes, chiefly of the 
Anopheles genus. 
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and such will require special attention. The public should be encouraged to report 
to the inspector when the mosquitoes are troublesome in order to help on the work. 

The town drains will require special attention at the beginning, and more so 
at the end of the wet season (October and November), and it will be probably 
necessary to increase the staff of workmen at these times to keep them free from 
larvae, especially the grass-clogged drains. In the dry season (for seven months) 
they need scarcely any attention, with one most important exception, viz., the main 
drains to the sluice gates ; in these it has been shown that sea water collects at this 
time of the year, and in it many mosquito larvae are found ; regular application of 
kerosine oil to these drains, I believe, would be the most feasible method of treatment. 

In the dry season, also, no special inspection of the swamps is necessary, as 
they are dried up at this time, but holes and depressions which have been found to 
act as breeding-places in the wet season can now be filled in with sand, etc., by the 
workmen. ‘The swamps will require attention like the drains, more especially at the 
beginning and end of the wet season, when pools are shut off from the main mass of 
water ; I believe it will be found that in the height of the wet season few mosquitoes 
breed in these swamps. At this time the swamp is practically an open sheet of water 
exposed to winds, and is well-stocked with fish; it will thus probably be more 
necessary to pay attention to the hollows in the streets and compounds bordering 
these swamps. 

It cannot be expected that Bathurst will be appreciably freed from mosquitoes 
at once, solely by the energies of the mosquito brigade, because, it must be remem- 
bered, breeding-places occur which require more special attention than others ; for 
example, it will probably be necessary to deal with the small private wells and boats 
on the foreshore by legislation : also engineering work, such as levelling streets, making 
proper street drains, and filling in the swamps will necessarily take some time. 
Still, Bathurst, by means of the special anti-mosquito staff, can 
certainly be made as free from mosquitoes all the year round as it is 
in the height of the dry season; and, further, there is every reason to 
believe that mosquitoes can be diminished in numbers to a great 
extent, more especially by means of the house-to-house inspection. 
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VI. THE COMMENCEMENT OF THE CAMPAIGN AGAINST 
MOSQUITOES IN BATHURST 


In the early part of November, a preliminary report upon the sources of 
mosquitoes in Bathurst was submitted to His Excellency the Acting Governor, 
H. M. Branprorp-Grirritu, Esq. In this report the mosquito breeding-places of 
Bathurst were described, and methods applicable for their extermination were discussed ; 
it was pointed out that the inauguration of a crusade against mosquitoes in Bathurst 
offered every hope of success, and at the same time, it was urged that any measures 
adopted in this direction should be of a permanent nature, and considered part of the 
sanitary work of the town. 

On November 5, His Excellency very kindly gave the colonial surgeon, 
Dr. R. M. Forpg, and myself an opportunity of discussing with him the various 
matters referred to in the report. At this meeting I was informed of the desire on 
the part of the Colonial Government to enter upon a crusade against the mosquito, 
and to undertake the necessary work. Soon after this date the plan of campaign was 
arranged ; Mr. Tuomas, the sanitary inspector, was selected for the part of ‘anti- 
mosquito’ inspector, and received special instruction in the work; an assistant 
inspector was appointed to take his place for the ordinary sanitary duties. A gang of 
ten of the sanitary board labourers, including one head-man, was appointed for special 
duty, and one of the sanitary carts was set aside for the work. 

It was decided, in the first instance, to remove all the old tins, pots, and other 
rubbish from all yards and compounds ; to this end notice was posted up throughout 
the town, informing the people of the nature of the work and inviting their co-operation 
and help. 

On November 18, the preliminary removal of rubbish from the various com- 
pounds began. The work was started in Wellington Street, where most of the large 
trading stores are situated. At the outset the progress was slow, as the process of 
ridding these large business premises of discarded tin boxes and bottles took some 
time, in fact, at some of the factories it required two days to accomplish. After 
Wellington Street had been depleted of rubbish the work progressed more rapidly, 
from many of the compounds the natives had collected their old tins and pots and 
placed them in readiness for the sanitary carts, though, as was to be expected, it was 
found that many such-like articles were left behind in odd corners. 


The rubbish thus collected from the compounds was utilized to fill in a deep 
g 
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trench running behind the hospital, which has been already mentioned as being an 
excellent breeding-place for the mosquito ; the old tins, which were well battered down, 
were then covered with sand from the shore. 

After the removal of the rubbish from the larger compounds had been completed, 
a small gang of the labourers were employed in filling in two large pools near the 
cemetery, which were found breeding mosquitoes in great quantities ; the third pool 
was left for a while until it could be replaced by a well, as this pool was required for 
the purpose of watering cattle. Besides this work a few foul wells were filled in. Up 
to my departure from the Gambia, fanuary 10, three hundred and sixty-three houses and 
compounds had been inspected, and from them one hundred and thirty-one cart loads of old 
tins, pots, and other rubbish were removed, and about two hundred and thirty yards of the 
trench behind the hospital had been filled in. 

On the return of the governor, Sir Grorce Denton, K.C.M.G., about the 
middle of December, other matters in connexion with the work were considered. It 
was decided that the work which had been started should be a permanent sanitary 
measure—i.e., an inspector and sufficient labourers should be employed solely for the 
purpose of dealing with the destruction of mosquitoes. For this end the grant for 
sanitary work was increased to the extent of £200 per annum, and this annual amount 
was to be devoted to the work. 

An ordinance was drawn up and passed by the legislative council in the early 
part of January, 1902. In this ordinance, which 1s to amend the Public Health 
Ordinance, 1887, powers were sought to enable the Governor in Council to make rules 
and regulations for various sanitary purposes. Some of the sections are of the utmost 
importance for the carrying on of the campaign against mosquitoes in Bathurst, because 
by them certain artificial breeding-places can be dealt with in a more thorough manner. 

The sections relative to the anti-mosquito work include the following :— 


11. Breeding-Places for Mosquitoes 
Making provision for the removal, filling, or covering up of all drains, ditches, pools, swamps, 
holes, pits, depressions, cisterns, wells, tanks, barrels, tins, bottles, or broken pieces of 
bottles, and generally all receptacles, things, or places whatsoever, whether of a like nature 
to those before mentioned or otherwise, which are, or may be, capable of becoming breeding- 
places for mosquitoes or other noxious insects ; and for the prevention (by the imposition 
of suitable penalties on the occupiers or owners of the premises on which the same are 
found, or other persons responsible) of the occurrence, accumulation, or continuance 


thereof. 


12. Wells 


Prohibiting or rendering, subject to conditions, the digging of wells in private compounds, and 
making. provision for the cleansing, repairing, building up or re-building on ‘proper 
principles of wells presently existing ; also for the covering and keeping covered with 
wire-gauze lids, close pumps or other contrivances, as may be prescribed, of all wells 


whatsoever. 
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13. Removal of Sand, etc. 
Preventing the removal or carrying away of any sand, shingle, rock, gravel, soil, or artificial 
protection from any part of the foreshore, or from any beach, bank, or public place whatso- 


ever, without permission from some proper authority in such regulations to be indicated. 


15. Removal of Hulks 


Removing from any shores or beaches and open spaces, when thought advisable, all hulks, 
cutters, boats, canoes, timber, casks, rubbish, or any obstruction or objectionable article or 
thing whatsoever; or requiring the removal thereof by any persons judged to be 


responsible therefor. 


17. Inspection of Premises 
Providing for the inspection from time to time, and as often as may be thought expedient, of 
all lots, compounds, dwelling-houses, sheds, buildings, and premises whatsoever by such 
officers or persons as may be prescribed ; subject to such conditions, safeguards, and 
requirements, whether as to obtaining an order under the hand of some Justice, the Chief 
Magistrate or other authority, or otherwise, as may be prescribed. 

Dr. Forve informed me, in a letter dated February 17, that the removal of 
old pots and pans, etc., throughout the town had been completed, and that the 
inspector had now begun his regular weekly inspection of yards and compounds ; 
also a gang of men had started filling in some of the grass-clogged drains, and the 
filling in of all large pools near the cemetery had now been accomplished. 

I understand also that special sanitary regulations have been drawn up, but 
as yet I have not seen a copy. 
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REGULATIONS UNDER SECTION 2 OF THE PUBLIC HEALTH 


AMENDMENT ORDINANCE, 1902 
(NOT (Of 1902) 


I. (1) The occupier, and if no occupier, then the owner, of any lot, yard, compound, or other parcel 


(2) 


IIL. 


IV. 


VI. 


of land whatsoever, shall fill up, or cause to be filled up, all drains, ditches, pools, holes, pits, 
irregularities, and depressions in the ground or surface of such lot, yard, compound, or parcel of 


land which may be of such a nature as to cause the accumulation or stagnation of water. 


No person shall, unless for building or other necessary or reasonable purposes, dig or make any 
drain, hole, irregularity, or depression in any portion of ground whatsover so as to cause or allow 
the accumulation or stagnation of water; all building and other such operations shall be 
conducted in such a manner as, so far as possible, to avoid causing such _ holes, irregularities, or 


depressions as aforesaid. 


Sand for making mortar or other building purposes shall in no case be taken out of the ground or 


soil of any lot or compound, but may be taken from the beach below or near low water mark. 


No person shall place on any wall or building, any bottles, or broken pieces of bottle, or 


other articles unless broken into small fragments so as to be incapable of containing water. 


The occupier, or if no occupier, then the owner of any building, or of any lot, yard, compound, 
or parcel of land whatsoever, shall cause all bottles, broken pieces of bottle, and other articles 
on or attached to such wall or building to ke removed or broken into small fragments so as to be 


incapable of containing water. 


The occupier, or if no occupier, then the owner of any lot, yard, compound, or parcel of land 
shall, on being required so to do by a notice under the hand of the Chairman of the Board of 
Health, cause all discarded tins, pots, bottles, calabashes, and all other discarded articles capable. 
of containing water in or on such lot or parcel of land to be collected in readiness for removal by 


the carts of the Board of Health. 


The owner of any premises wherein there is now, or may hereafter be dug, any well, shall within 
thirty days after service upon him of a notice under the hand of the Chairman of the Board of 
Health requiring him so to do, cover such well with a wooden, wire-gauze, or other cover to the 


satisfaction of the Inspector of Nuisances. 


The occupier, and if no occupier, then the owner, of any house, shed, or other building whatsoever, or 
of any lot, yard, compound, garden, or other parcel of land whatsoever, shall cause every cistern, 
tank, barrel, or other receptacle whatsoever holding or capable of holding water on such premises 
to be maintained in such a manner as not to be or to be capable of becoming a breeding-place 


for mosquitoes or other noxious insects. 


All hulks or boats hauled up on any beach or open space within the town of Bathurst, shall, so far 
as possible, be turned keel upwards ; boats in course of construction or undergoing repair shall 
be exempt from this requirement, provided always that such construction or repairs are carried 
on with reasonable expedition, and the boats are not allowed to become breeding-places for 


mosquitoes by the accumulation of water therein. 
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Vi. 


VIII. 


IO 
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In cases where it shall be found impracticable to turn any lighter or boat keel upwards, it shall be the 
duty of the owner thereof to take due and sufficient measures to the satisfaction of the Chairman 


of the Board of Health to prevent the accumulation of water therein. 
‘Boats’ in this regulation shall include canoes, cutters, and any other small craft whatsoever. 


The owner of any bakehouse shall once in every six months cause the complete inside of such 


bakehouse to be whitewashed. 


Section 49 of the Public Health Ordinance, 1887, shall be construed and is hereby declared to 
apply to the entry of premises for any purpose whatsoever connected with the due sanitation 
thereof and the enforcement of any requirement or prohibition in the said Ordinance or 


hereinafter in these Rules contained. 


Any costs or expenses incurred in obtaining an order under the hand of the Chief Magistrate or of 
a Justice of the Peace as in the said Section provided, shall be recoverable against the occupier or 
owner of the premises in like manner as other costs and expenses are recoverable under 


Section 112 of the said Ordinance. 


If on the complaint of one or more residents it shall appear and be ascertained to the satisfaction 
of the Chief Magistrate or two Justices of the Peace that any person has been annoying such 
complainant or complainants or others by unreasonably, and at late hours of the night, playing upon 
any string, brass, or other musical instruments, or by singing, the Chief Magistrate or the two 
Justices aforesaid may in their discretion dismiss such offender with a warning, or if the offence 
appear to him or them to have been of repeated occurrence, whether before or after such warning. 
or attended by any aggravating circumstances whatsoever, fine such offender in such sum as they 


shall consider suitable, not exceeding ten shillings. 


. Canes shall not be dragged along Russell Street or Wellington Street. 


Any person contravening or wilfully or negligently failing to comply with any of the provisions 
contained in these regulations after service on him of a notice to that effect, under the hand of the 
Chairman of the Board of Health, shall be liable on conviction before the Chief Magistrate or 
two Justices of the Peace to a penalty which (save where it may be otherwise provided in the case 
of any particular offence) shall extend to, but not exceed, the sum of five pounds for any one 
offence, or in default of payment thereof to imprisonment with or without hard labour for any 


period not exceeding one month. 


Passed in the Executive Council this Seventh day of July, 1902. 


GEORGE C. DENTON, Governor 
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REPORT ON A COLLECTION OF MOSQUITOES OR 
CULICIDAE, rrc., FROM GAMBIA, AND 
DESCRIPTIONS OF NEW SPECIES 


By F. V. THEOBALD, MIA. 


HE collection of Culicidae and other blood-sucking Diptera, made by Dr. Durron during his 

visit to Gambia, contains some three hundred Culicidae, included in the following genera : 

Anopheles,” Stegomyia, Culex, Mansonia, Uranotaenia, and Corethra. Altogether there are seventeen 

species of Culicidae as follows: three Anopheles, three Stegomyia, seven Culex, one Mansonia, and a single 

Uranotaenia and Corethva. There is also a distinct variety of Anopheles costalis and Anopheles funestus. Besides 

Culicidae, there are some specimens of Psychodidae, or Owl Midges, of the genus Ph/edotomus, probably a new 

species, and several specimens of the common West African gadfly (Tabanus dorsovitta Watxer). A number 
of one of the Tsetse flies, Géassina longipalpis WiroMann var., tachinoides, Westwoop, were also taken. 

This insect, closely related to the Tsetse fly (Glossina morsitans), is called by Dr. Durron the 
small Mangrove fly. It is very prevalent up the Gambia river, and comes on board the launches and 
bites viciously. It is of particular interest, as the case of Trypanosoma Dr. Durron found in Bathurst 
was in an Englishman, who was master of the Government launch, living on board, and was frequently 
bitten by this species of Géssina. It is quite possible that this species of G/sssina acts in the same way as 
G. morsitans in the animal Tsetse disease. 

The collection contains no new Anopheles bat three distinct varities, three new species of Cu/ex, anda 
distinct variety of a previously known one, also a new Svegomyia and a Corethra. "The series of Anopheles 
funestus 1s most interesting, as it shows very great variation, particularly in the colour of the vein-scales 
and the position of the cross-veins, which I had found constant before in this species, and which I took 
to be of some specific value: Great variation is also to be noticed in a large series of Culex Duttoni 
(Tueo) This species is of particular interest, as it serves as one of the intermediate hosts of Fi/aria 
nocturna. Culex fatigans (Wikb.) was also found to act as an intermediate host of this Haematozoon. In a 
new banded proboscis species (Culex anarmostus) a filaria (sp. incert.) was found in the thoracic mucles. 
A list of the species, with notes and the descriptions of the Sregomyia, Culex, and Corethra, are here 


appended, and also a description of the varieties of previously known species. 


bist OF CULICIDAE AND OTHER DIPTERA TAKEN AND BRED 
BY Dr. DUTTON 
AO GULIGID AE. 
1. Anophetes costalis. Lorw. 
1a. Anopheles costalis. Var. melas nv. 
2. Anopheles pharoensis. ‘VHEOBALD. 
3. Anopheles funestus. GILES. 
3a. Anopheles funestus. Var. umbrosus nv. 
3a. Anopheles funestus. Var. subumbrosus nv. 
4. Stegomyia fasciata. Faprictus. 


5. Stegomyia sugens. WikpDEMANN. 


* The old genus Anopheles is now subdivided into several genera ; costalis comes in Pyretophorus, pharoensis in Cellia, and 
Sfunestus in Myzomyia, 
h 
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6. Stegomyia albocephala. N. sp. 

7. Culex hirsutipalpis. ‘THeopa.p. 

8. Culex annulioris. ‘VHropatp. Var. gambiensis. nv. 
g. Culex duttoni. ‘THEOBALD. 

0. Culex anarmostus. N. sp. 

11. Culex thalassius. N. sp. 

12. Culex ftigrioes. CGRANDPRE. 

13. Culex fatigans. Wi:DEMAN. 

14. Culex euclastus. N. sp. 

15. Lasioconops poicilipes. N. sp. 

16. Mansonia uniformis. "THEOBALD. 
17. Uranotaenia albocephala, "THEOBALD. 


18. Corethra ceratopogones. N. sp. 


B. PSYCHODIDAE. 
Phlebotomus sp.? 


C. TABANIDAE 


Tabanus dorsovitta. Waker. 


D. GLOSSINIDAE 
Glossina longipalpis. (Wirp.)—var. tachinoides. Wrstwoop. 


CULICIDAE 
1. Anopheles costalis. Loew 
A. gambiensis. G1.Es 


(Ent. Zeit. Berlin, 55 (1866) Lorw ; Mono. Culicid. I. 157 (1901) THeo. Hand Bk. Gnats, znd 
Edit. Gites, 1902. (=A. gambiensis.) 

A number of this species from Bathurst, many of them caught in the barracks, prison, and police 
quarters, Government House ; some bred from larvae obtained from a large pool sixteen to eighteen 
feet in diameter. 

The specimens show some variation in regard to the intensity of the costal spots and leg 
ornamentation. One very marked melanic variety occurs, which is described below. The specimens 
were taken in October, November, and December. None were found at Baia or McCarthy Island. 
At Bathurst, Dr. Dutton only obtained A. costa/is and a few A. pharoensis. Vuro. This species also 
occurs at Cape St. Mary, seven miles from Bathurst, where there are a few artificial breeding-places. 
Colonel Gives has described as a distinct species a specimen of A. costa/is sent me from Gambia by Dr. 


Bupcerr. 
Ta. Anopheles costalis. Lorw 


Variety melas 


Thorax dark brown to almost black, with narrow-curved pale golden scales as in the type ; palpi, 
with four pale bands, very narrow ; the fourth on the apex of the palpi, very scaly at their base ; the two 
apical bands are close together, but quite distinct. Abdomen deep black, with pale hairs, golden at the 
apex. Legs prominently black, spotted and banded ; forelegs with a trace of pale spots on the femora 
as in the type, pale spots on tibiae, and a narrow band-like spot on the metatarsi, a yellow band involving 
both sides of the joints at the metatarsus and first tarsal, and at the first tarsal and second tarsal ; in the mid- 
legs the tibiae are spotted, but the tarsal banding is not distinct, nor are the tarsi banded in the hind 


legs, and the tibiae and femora spots are not so well defined. 


PLATE VI 


WINGS OF GAMBIAN CULICIDAE 


5 Io 

1. Anopheles funestus. Gites. @ var. 7. Anopheles costalis. Loew. 

2. Anopheles funestus. 2 Typical. 8. Culex thalassion, N. sp. 

3. Anopheles funestus. 6 g. Culex euclaston, N. sp. 

4. Anopheles funestus. War. antsochloros. 10. Anopheles rhodesiensts, Tueo. 6 
5. Anopheles rhodesiensis. THeo. 


a 


: X ni imes exc No. 10 which is X twelve). 
Anopheles pharoensis. Tueo. & (All nine times except No. 10 which is * t ) 


PLATE VII 


Fic. 1 


Anopheles funestus. GILES 
a. Head of ¢; 4. Head of 2 


Fic. 2 


Wing of Q A. costalis to show venation, not markings. 
<e1is 
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Wings with black- and yellow-scaled areas, the former predominating ; the costa is deep black, 
the second spot only appearing on the costa as a small, almost white, spot ; there are also two small pale 
spots on the costa towards the base of the wing ; on the first long vein are six pale spots, one under the 
white costal spot, the other arranged much as in the type, but the black areas are pronounced ; the 
greater part of the third long vein is pale and the second mostly dark scaled, except for the pale patch at 
the base of the fork anda pale patch towards the apex of its lower branch ; most of the fourth dark 
scaled, the lower branch of the fork having two pale patches. The fifth mostly pale scaled, but with 
three dark patches on the upper branch and a small one at the apex and another at the base of the lower 
and its stem ; sixth with three black spots ; fringe spots very indistinct. Fork-cells and cross-veins as 
in the type. 

Length—s mm. Habitat-—Gambia (Durron). Time of capture—December. 

Observations—Described from a single female in perfect condition. It forms a very distinct 
melanic variety. ‘he chief difference from a typical A. costalis is the absence of pale costal spots, one only 
reaching the actual costa, except at the base ; the whole wing field is darker, and the legs with more 


ronounced spotting. The markings in the first long vein are, however, typical of the species. 
P je) & g , » typ p 


Il. . Anopheles pharoensis. "TuroBaLp 
(Mono. Culicid. 1, 169 (1901). ‘THEoBaLD) 


Nine specimens (seven 2’s and two ¢’s) of this beautiful Amspheles from the following localities : 
the barracks and prison, Bathurst, and on a marsh at the back of the town, McCarthy Island. A 
specimen was also hatched from a larva taken in a pool, fifteen yards across, at Box Bar. "The specimens 
show considerable variation in size, one only measuring 5 mm.; there is also marked variation in colour, 
due evidently to some containing blood. One large pool alone, some way from the town of Bathurst, 
acted as a breeding ground of this species. ‘This large Anopheles also occurrs at Cairo, Central Africa, and 


in Palestine, and probably occurs all over Africa and in other parts of Asia. 


III. Anopheles funestus. Gives 
(Mem. II, Liv. School of Trop. Med. p. 50 (1900), Gires ; Aono. Culicid. I, p. 182 (1901), THEoBatp) 


A large series of $’s and @’s of this species were taken in the following places :—Baia, the Cape, 
and McCarthy Island. ‘The species occurs in native huts, and many were taken on the walls in the prison 
and in Government House at McCarthy Island. ‘They were mostly taken in December. Both at Baia 
and McCarthy Island there were no ordinary or artificial breeding-grounds about, except here and there a 
large marsh. At Baia the marsh was about two miles away from the town. At Cape St. Mary, seven 
miles from Bathurst, this small Anopheles occurs in numbers, and the larvae are here found in rice swamps. 
This species, to some extent, resembles A. rhodesiensis, but can at once be told from it by the pale fringe 
spots and by the pale scaled areas to the wings, and the more pronounced dark patches. ‘The white 
palpal bands are also, it seems, wider apart in A. rhodesiensis. Several of the specimens ot A. funestus in 
this collection present well-marked deviations from the type. Speaking generally, the pale and dark scaled 
areas on the veins are not so pronounced, and the base of the fork-cells have not quite the same relative 
positions. In my monograph (Vol. I, p. 186) I pointed out that one of the characters separating Fumestus 
from the larger Rhodesiensis, was the position of the cross-veins, this does not hold good, for in the 
Funestus from Gambia I find the cross-veins in some like Fumestus as I described, in others like Rhodesiensis. 
The supernumerary and mid may be either in one line as the mid may be in advance of the supernumerary 
and posterior. Rhodesiensis has, however, a// the vein scales dark, and the fringe unspotted, and the third 
long vein always dark. The wings are a/ways black at the base of the costa, whereas, in most Funestus 
there is a pale costal spot near the base. Fumestus is also smaller than Rhodesiensis ; the latter has so far 


only been sent from Mashonaland. 
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Ifa. A. funestus. Gites 
Var. Umbrosus. "'THro. 

Costa blacx at the base, unbroken by the typical small pale spot. Veins with the dusky scales 
predominating ; the pale scaled areas restricted to the region of the cross-veins and base of the fork-cells 
and on the fifth long vein ; the third long vein dark as in Rhodesiensis. Wing fringe spotted as in the 
type, but not so prominently. 


Ills. A. funestus. Gives 


Var. Subumbyosus. ‘THero. 


Costa black at the base, unbroken by any pale spot. Dusky scales predominating, but not 
contrasted as in the type with the pale scaled areas. Third long vein pale-scaled in the middle, and pale 


scaled areas also on the fourth, fifth, and sixth. 


IV. Stegomyia fasciata 
(Syst. Ant. 36, 13, 1895. Mono. Culic. 1, 289, 1901. THEO.) 


‘This species is evidently common in Gambia, specimens showing great variation in size were 
taken in Bathurst in numbers: some in native huts, and also in European dwellings. Many seem 
to have been hatched out from larvae taken in a tub of well water, and others from.a canoe. This species 


was taken in October, November, and December, and was observed feeding, as recorded elsewhere,* during 


the daytime (4 p.m.) 


V.  Stegomyia sugens. (Wrep.) 
Auss. Zweiflug Insec. §45 (1828) Wiep ; Mono. Culic. 300 (1901) THeo. 


Three $’s and two 9Q’s taken near Bathurst. This Stegomyia can easily be told by the spots on 
the mesonotum and the pale band on the femora near the apex. Hatched out from larvae taken in ground- 


nut gutters during November. 


VI. Stegomyia albocephala. N. sp. 


Head covered with flat dull white scales, a small dusky patch on each side and a posterior semi- 
circular area of dark upright forked scales. 

Thorax deep rich brown covered with scattered golden scales, showing more or less two dark eyes 
like spots ; scutellum with small flat white scales. Abdomen black with narrow basal white bands. Legs 
black, the hind tibiae with a marked apical white band. 

Q. Head brown, covered with dull white flat scales, with a silvery sheen, a small patch of black scales 
on the border about the middle of the eyes, and dull black scales at the sides, posteriorly are black upright 
forked scales, giving the head a dark appearance of semicircular form, in front the upright forked scales 
are yellow. Proboscis, palpi, and antennae deep blackish-brown ; palpi with a trace of a pale band on its 
basal half, two apical joints nearly equal, with black hair-tufts and also black hairs at the apex of the anti- 
penultimate joint. 

‘Thorax rich deep-brown with scattered golden narrow-curved scales, and showing in certain lights 
two dark eye-like patches on the ground surface ; scutellum covered with small flat shiny creamy-white 
scales ; pleurae brown with patches of grey scales; metanotum deep clear brown. 

Abdomen black with basal white bands which spread out laterally ; venter black with broad basal 
white bands ; densely clothed with long brown hairs. 

Legs black, unbanded, except for a clear, rather broad, white apical band to the hind tibiae. Coxae 
brown, bases and venter of the femora grey, ungues of the fore and mid legs unequal, the larger uniser- 


rated, the smaller (?) hind ungues rather long, curved, equal, and simple. Wings with the first submarginal 


* Mono. Culicidae, Vol. i, p. 60. TuHeosarp. (1901). 


: APPENDIX v 


cell longer and narrower than the second posterior cell, its base nearer the base of the wing than that of 
the latter, its stem not quite so long as the cell ; stem of the second posterior as long as the cell ;_ posterior 
cross-vein about half its own length distant from the mid cross-vein ;_ halteres with yellow stem and 
slightly fuscous knob. 

Length—4°5 mm. HHabitat—Gambia. Time of appearance—November. 

Observations—Described from a single perfect male, bred by Dr. Durron from a larva found in a 
canoe. This Stegomyia very closely resembles Culex univittatus mihi, and might readily be mistaken for it, 
on account of the conspicuous hind tibial banding, but an examination of the head and scutellum reveals 
flat scales only. ‘The pale head and white shiny scutellum with the brown thorax form also striking 


characters. 


VIL. Culex hirsutipalpis, 'Turoparp 
(Mono. Culicid., Vol. i, p. 378 (1901). THEoBaLp) 


A series of this species, which I described from some specimens from Mashonaland, were hatched 
out by Dr. Durron from larvae taken in the water of ground-nut insect traps, /.¢., gutters full of water 
around the ground-nuts. Other specimens were hatched from a small dug-out pool in a rice swamp. 
The specimens hatched out in November and December. 

The abdomen in the gis much better marked than in the original type. A fresh description of 
the male is therefore appended. 

@. Palpi black, with four white bands, the two apical ones on the base of the last two joints narrow ; 
last two joints with dense tufts of hair, hairs black, except at the apex, where they are pallid ; the 
antipenultimate joint is also hairy down to near the first white band ; antennae banded black and grey, 
with deep-brown plume-hairs ; proboscis with a narrow white band. 

Thorax asin 2. Abdomen black, the second to the fifth segments with basal white bands, the sixth 
and seventh have the basal band spreading down each side, the last segment with a basal median white spot ; 
apical hairs golden ;_ there are also white lateral linear prolongations of the basal bands to each segment ; 
venter covered with pale creamy yellow scales ; legs much as in theQ ; fore and mid ungues unequal, 
both uniserrated. 

Wings paler than in the Q ; first submarginal cell longer and narrower than the second posterior 
cell, the bases of the fork-cells nearly level ; stem of the first submarginal rather more than half the 
length of the cell ; stem of the second posterior as long as the cell ; posterior cross-vein about its own 
length distant from the mid cross-vein. Halteres pale, but the knob slightly tinged. 

Nore.—Fresh specimens are much darker than old ones. The proboscis band is narrower in the 


male than in the female. 


VIL. Culex annulioris. 'VHEoBALD 
Var. Gambiensis. nv. 


(Mono. Culicid., Vol. i, p. 371) 


Proboscis with white band. ‘Thorax brown with narrow-curved pale brown and grey scales on 
the front two-thirds ; narrow-curved black ones on the hinder third of the mesonotum ;_ the pale brown 
scales in front form more or less a distinct median line, with a narrow pale scaled line on each side 
and an indistinct darker broad line on each side of the narrow pale line, bounded laterally by mostly pale 
scales ; the scutellum, as in the type, with small black scales at the base of the mid-lobe and grey ones 
on the apical portion ; metanotum bright amber brown. ‘The abdomen is like the type, but the 
triangular basal white spots are very indistinct, but can be detected on each segment by a few white scales 
when examined under the microscope. 

‘The band on the proboscis is not quite so broad as in the type, and the stem of the first sub- 


marginal cell is very nearly half the length of the cell. 
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Length—5-5 mm. Habitat—Gambia (Durron). Time of capture—January. 

Observations— Described from a single female hatched from a larva taken in water in a rice field. 

It resembles the type except in regard to the colour of the thoracic scales, the thorax is 
characteristically ornamented, under a lens the first part (two-thirds) looks ashy grey, but more or less 
ornamentation, as described, may be seen on careful examination, the paler anterior area is clearly marked 
off from the dark scaled posterior third. It is undoubtedly only a variety of the species I described as 
C. annuloris, from Salisbury, Mashonaland. 

In the structural figure of this species in the Monograph of Culicidae, fig. 127, p. 372, vol. I, I 
figured the palpi as three-jointed, the apical joint being characteristically swollen and truncated, this is 


really the penultimate joint, the apical joint was missing, I find the apical joint is long and thick. 


IX. Culex duttonit. 'THEoBaLp 


Mono. Culicid, UW, p. 318 (1901). “THEo. 


A large series of this mosquito were taken at McCarthy Island and Bathurst Some were hatched 
out from larvae taken in a canoe on the foreshore, others from a tub of well water during October, 
November, December, and January. This is evidently a common West African insect along the coast; 
I have not at present seen any from inland. It was found to be one of the hosts of Fi/aria nocturna by 
Dr. Durron. 

This species is subject to considerable variation, both in size and in thoracic ornamentation. In some 
specimens brought back by Dr. Dutrron the thorax shows no ornamentation at all, others have the thorax 


adorned as I described in the Monograph of the Culicidae. 


X. Culex anarmostus. N.sp. 


Thorax dark brown to brown, with two darker median parallel lines on the denuded surtace, covered 
with pale, dull golden, narrow-curved scales, showing: faint longitudinal arrangement. Proboscis with a 
pale creamy band. Abdomen brown, with curved basal white bands. Legs brown, with faint apical and 
basal pale banding. Ungues equal and simple. 

Q. Head brown, with narrow-curved, pale, creamy-grey scales, brown upright forked ones and 
small flat white ones at the sides, and whitish curved ones round the eyes. Proboscis brown, with a 
median pale band very distinct beneath ; palpi black, with a few white scales ; clypeus black ; antennae 
dark brown, basal joint testaceous. Thorax brown to almost black, covered with narrow golden curved 
scales somewhat paler behind, to some extent arranged longitudinally ; scutellum pale brown, with pale 
narrow-curved scales ; metanotum deep brown ; pleurae pale brown and cinerous, with a few patches of 
grey scales. 

Abdomen deep brown, with curved white to creamy basal bands ; first segment nude, save for 
two median patches of black scales ; border-bristles pale ; venter white, with narrow apical border of 
brown scales. 

Legs brown ; femora pale ventrally, apex of tibiae white, base and apex of metatarsi and first two 
tarsals pale banded, also a white knee spot on the hind legs ; femora and tibiae bristly ; ungues equal and 
simple ; hind tibiae about the same length as the hind metatarsi. Wings with brown scales, those on 
the third and fifth being the darkest ; first submarginal cell longer and a little narrower than the second 
posterior cell, its base a little nearer the base of the wing than that of the latter, its stem half the length 
of the cell ; stem of the second posterior about two-third the length of the cell ; posterior cross-vein about 
its own length distant from the mid cross-vein. The medium vein scales of the third, fifth, and to some extent 


the lower branch of the second fork-cell, rather larger than in most Culex, and very dark. Halteres pale. 


APPENDIX Vil 


Length—4°5 mm. 

Habitat—Freetown, Sierra Leone (Austen), Gambia (Durron). 

Time of capture —September (Freetown), Austen ; Gambia (in November), Durron. 

Observations—Described from a single female from Freetown ; bred from water in a drain by Mr. 
AUSTEN. 

A specimen sent me by Dr. Durron, from Gambia, is evidently this species, but it is rather too 


damaged to say definitely. Dr. Durron found a filarial embryo in the thoracic muscles. 


XI. Culex thalassius. N. sp. 


Proboscis with a narrow median white band. ‘Thorax dark-brown, with narrow deep golde..-Liown 
curved scales. Abdomen dark brownish-black, with narrow basal grey bands, often absent ; penultimate 
segment with lateral white spots only ; pleurae very pale grey. Legs deep brown, with faint pale bands 
to some of the mid and fore tarsi; apices of tibiae pale, hind legs unbanded. Bases of the fork-cells 
nearly level. 

Q. Head deep brown, with narrow-curved, pale greyish scales and black upright forked ones ; 
palpi black ; proboscis black, with a narrow distinct pale band ; antennae brown ; clypeus black. 

Thorax deep brown, with narrow rich brown curved scales ; scutellum brown, with narrow golden- 
brown curved scales, and deep brown border-bristles ; pleurae very pale and shiny grey ; metanotum deep 
brown. Abdomen black, with narrow basal white bands, or unbanded with traces of basal white lateral 
spots, venter dark, with broad basal grey bands. 

Legs black, bases pallid, also venter of femora, apex of femora, and to some extent the tibia, pale ; 
tarsi and metatarsi with marrow pale basal bands, indistinct on the last two tarsi ; hind metatarsi and tibiae 
of about equal length. 

Wings with the veins with brown scales ; fork-cells rather short, their bases about level ; the first 
submarginal a little longer and narrower than the second posterior, its stem a little more than half the 
length of the cell ; stem of the second posterior about two-thirds the length of the cell ; posterior cross- 
vein nearly twice its own length distant from the mid. 

Length—4°5 mm. Habitat-—-Gambia. Time of capture—October and November. 

Observations—Described from a series taken and bred by Dr. Durron. The larvae were mostly 
taken in a drain of tidal water, and others from a pool in a mangrove swamp ; others from a canoe on the 
foreshore, and some from a pool of tidal water that had soaked through sand into a drain. 

The species is very variable ; some show distinct abdominal banding, others none at all. It 
somewhat resembles C’. duftoni, but is smaller, more fragile, and the legs have only faint basal banding, 
and the fork-cells are slightly different. 


This species and C. duttoni come very close together, but they are certainly distinct. 


XII. Culew tigripes. GRANDPRE 
(Les Moustiques. (1901.) Granpopre. Mono. Culicid. I, p. 34. (1g01.) “TPHrosap) 


A series of ten g’s and @’s taken at Bathurst and McCarthy Island during October. Some 
specimens were taken on the sides of a discarded well ; the majority were hatched from larvae taken in 
canoes, and also from a pool. 

This large spotted-legged Cu/ex, with its apical pale abdominal bands, seems to be generally 
distributed over Africa, but so far has not been recorded further south than Natal, as well as occurring 
in Mauritius and Australia. It is the species that Dr. Bancrorr calls the ‘long-lived mosquito.’ Some 


of the specimens are very small, not more than 5°5 to 6 mm., others are as much as 7 mm. 
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XIII. Culex fatigans. Wien. 

This common household Cu/ex occurs in abundance in Bathurst, and was taken in numbers as 
usual indoors. Some were hatched from larvae ‘from an old tin,’ others ‘from a well,’ ‘ from a rain tub,’ 
‘from water in rice field at Cape St. Mary,’ ‘ from well in Government House with heaps of green slime.’ 
‘This species seems abundant in the prison at Bathurst, and has been shown by Dr. Durron to be the 
intermediate host of Filaria nocturna, as well as Culex duttoni. 


‘They were taken in October, November, December, and January. 


XIV. Culex euclastus. N. sp. 


Head brown with grey scales, most distinct around the eyes. ‘Thorax brown with tawny-brown 
scales. Abdomen brown, unbanded, with basal white lateral spots, which show dorsally on the last few 
segments ; legs brown, unbanded, basally grey. Sixth long vein rather close to the fifth. 

9. Head dark brown with narrow-curved dull-grey scales, rather wider and paler around the eyes, 
and with dark upright forked-scales ; proboscis and palpi dark brown : antennae dark brown, basal joint paler. 
Thorax brown with very small narrow-curved scales of a fawny-brown to dull brownish-grey hue, and 
with dark-brown bristles ; scutellum paler brown with narrow-curved grey scales; metanotum brown ; 
pleurae pallid. 

Abdomen brown, unbanded, with basal white lateral spots, which are pronounced, and which 
show dorsally on the last few segments. Venter, brown with dull grey basal bands; border-bristles and 
hairs brown, except at the apex, where they are pallid ; the denuded surface of the abdomen has a shiny 
and somewhat pale steel colour. 

Legs brown, unbanded, a faint pale knee spot on the hind legs and traces of a pale apical tibial 
spot ; bases of the legs and centre of the femora pallid; hind metatarsi about the same length as the 
hind tibiae ; legs with a few bristles. Ungues small, equal and simple. Wings with deep-brown scales, 
costa very dark; first submarginal cell longer and narrower than the second posterior cell, its base very 
slightly nearer the base of the wing than that of the second posterior cell ; its stem rather less than half 
the length of the cell ; stem of the second posterior rather more than two-thirds the length of the cell ; 
posterior cross-vein longer than the mid, rather more than its own length distant from it; the sixth 
long vein runs parallel with the fifth at its base, and is rather closer than usual to it. Halteres brown, 
with dense white scales. 

Length—4 mm. Habitat—Gambia. Time of capture—October. 

Observations— Described from two perfect 2’s bred by Dr. Durron from larvae taken from pools 
at Box Bar. 

It is a very small fragile-looking species, unlike any other I have seen from Africa, and to some 
extent approaches Culex nigritulus Zerr, but is very distinct in regard to thoracic scale structure and vena- 


tion. ‘The type is deposited in the British Museum (Nat. Hist.) Collection. 


GeENus Lasioconops. New. gen. 


Head clothed with similar scales to Cw/ex ; antennae with the basal joint with a few scales ; palpt 
short in both sexes. ‘Thorax clothed with narrow-curved scales. Abdomen clothed with flat scales and 
with large projecting flat lateral scales, with deeply dentate apices, in more or less tufts. Wings with typical 
Culex scales and venation. 

This genus is separated from Cu/ex on account of the peculiar and characteristic lateral scales on 
the abdomen, which give the insect a ragged appearance. 


A single species only at present occurs, L. poicilipes from West Africa. The 1s unknown. 
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XV. Lasioconops poicilipes. N. sp. 


Anterior half of thorax with ashy grey scales and chestnut brown ones, the former towards the edge 
of the pale area, posterior part of the thorax dark brown with brown scales. Abdomen black, with basal 
white bands. Proboscis brown, with a pale median band. Legs deep brown, the femora mottled with 
creamy scales, the tibiae with a row of pale spots, metatarsi and tarsi with narrow basal pale bands, which 
to some extent involve the apices of the preceding segments. 

Q. Head dark brown, with narrow-curved pale grey scales, brown and ochraceous forked scales 
and small flat grey ones at the sides ; antennae brown, basal joint black on the inside, with small white 
scales, and with a grey sheen on the outside, second joint bright testaceous ; palpi black scaled, with 
apical grey scales ; proboscis black scaled, with a pale median band ; clypeus deep brown, with frosty 
Seen: 

Thorax black, the anterior two-thirds clothed with narrow-curved grey scales, palest at the 
posterior edge of this pale scaled area, where they form a wavy line ; posterior portion of the mesonotum 
with narrow-curved black and brown scales and numerous black bristles. Scutellum brown, with narrow 
curved dull creamy scales, and with eight black border-bristles to the mid lobe ; pleurae black, with 
patches of white scales and pale creamy hairs. 

Abdomen black, with narrow basal bands of white scales and very large and peculiar white and 
ochraceous lateral projecting scales ; posterior border-bristles golden, short; venter black, with white 
scales. Legs dark brown, the femora spotted and mottled with pale scales, the tibiae with small creamy 
spots ; metatarsi and tarsi dark brown, with narrow pale ochraceous bands involving both sides of the 
joints. 

Wings with typical brown Culex scales; surface of the wing with minute bristles ; first 
submarginal cell longer and narrower than the second posterior cell, its base nearer the base of the wing 
than that of the latter, its stem about one-fourth the length of the cell ; stem of the second posterior not 
quite one-third the length of the cell. 

Supernumerary cross-vein not level with the mid cross-vein, a little nearer the base of the wing ; 
posterior cross-vein about two-and-a-half times its own length from the mid cross-vein ; sixth vein rather 
densely scaled. Halteres dusky ochre. 


Length—6 mm. Habitat 


Bonny, West Africa (Annerr), and Gambia (Durron). Time of 
capture—July (Annetr), December (Durron). 

Odbservations—Described from a single Q, somewhat denuded but easily told from all other 
Culicidae by the curious abdominal lateral scales, which are certainly of generic importance. ‘The spotted 
legs give it some resemblance to Culex figripes, but the banded tarsi and proboscis and general ornamen- 


tation will at once separate it. 


XVI. Mansonia uniformis. "Turoparp 
Mansonia africanus, "VHEOBALD 


(Mono. Culicid. II, p. 180 (Uniformis) and p. 187 (Africanus) (1901) THEO.) 


The collection contains ten specimens of this abundant African Mansonia. ‘They were taken at 
McCarthy Island, in the marsh at the back of the town, and were noticed to bite very viciously. A single 
specimen was also taken in the prison at Bathurst, in October, the others were taken in December. 
Dr. Dantets has shown this Mansonia to be an intermediate host of the Fi/aria. 

After carefully comparing a fresh series of South Indian and Ceylon Mansonia with the ones I 
described as M. africanus (Mono. Culicid. U, p. 187), 1 am convinced they are the same as the Indian 
M. uniformis. M. africanus must, therefore, sink as asynonym of M. aniformis. ‘The thoracic ornamentation 


very soon becomes destroyed, and the thorax has then a non-ornamented or uniform appearance. 
Z 
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XVII. Uranotaenia caeruleocephala. "THeosarp 


(Mono. Culicid. I., p. 256, 1901 


I have described the 9 of this species but not the g, a description of which is here given :— 

g¢. ‘Thorax like the female, but the metallic patches in front and the lines in front of the wings 
very pale blue in certain lights. ‘The head is brown and deep violet in the middle, with pale blue scales 
on each side; palpi brown, proboscis brown, swollen at the apex ; antennae banded brown and deep 
brown, densely brown plumed. Abdomen showing a pale apical ventral spot on the fifth segment ; paler 
ventrally than dorsally ; fore ungues unequal, the larger sickle-shaped simple ; mid and hind apparently 
equal and simple, irregularly curved. Wings with brown veins, a line of metallic flat pale blue and 
violet scales at the base of the costa and another at the base of the fifth long vein, posterior cross-vein 
twice its own length distant from the mid cross-vein ; halteres with pale stem and brown knob. 

Length—3 to 3°5 mm. Habitat—Gambia (Burverr®) and (Durron ¢). Time of capture— 
December. 

Odservations—TVhe & is described from two fairly perfect specimens caught in a marsh behind the 
town on McCarthy Island. I feel certain from the thoracic ornamentation it is the male of U. caeruleocephala 
(mihi) described from Bonny. ‘The chief difference from the female lics in the head being deep violet in 
the middle, instead of pale blue all over. ‘The markedly bright brown thorax with the metallic white and 
pale blue ornamentation should at once separate it. I had to mount some of the legs of the ¢ type in 
balsam to make anything of the ungues. In doing so I misplaced them, so am not sure if the anterior 


or mid ungues are unequal. 


XVIII. Corethra ceratopogones. N. sp. 


Q. Thorax pale brown to fawn with darker brown markings ; metanotum pale chestnut-brown ; 
pleurae pale fawn and cinerous ; head brown, proboscis and palpi brown, with numerous rather long brown 
hairs ; antennae banded brown and grey. Abdomen very pale fawn to cinerous, with narrow dark brown 
apical borders to the segments, and dark brown at the sides, only partly, however, on the last two apical 
segments ; abdomen hairy ; apex dark brown ; lamellae brown. 

Legs multibanded, with brown and frosty grey on the femora and tibiae ; fore femora with six dark 
bands and also the fore tibiae, apex and the basal band of both, pale ; metatarsus and first three tarsi 
banded with dark brown in the middle, apical joint pale, ungues very small, simple, and equal ; mid femora 
with eight dark bands, tibiae with six, the tarsal are broadest, base and apex of both joints pale ; metatarsi 
and tarsi with very broad dark median bands ; ungues small, equal, and simple ; hind femora with eight, 
and hind tibiae with seven dark bands, base and apex of each pale, metatarsus with two median dark bands, 
tarsi with a single median dark band. Ungues small, equal, and simple. Wings densely clothed with long 
brown hair-like scales, with three dusky patches on the costa, the median one where the sub-costal joins 
the costa spreading on to it, the apical one spreading on to the first long vein, the basal one rather indistinct, 
the median spread across the wing-field as a faint dusky band ; the third long vein is faintly darker 
than the rest. Wing fringe long and dense ; first submarginal cell considerably longer and narrower than 


the second posterior cell, its base very slightly nearer the base of the wing than that of the second pos- 


terior cell ; its stem about one-fourth the length of the cell, not quite so long as the stem of the second — 


posterior cell ; stem of the latter less than half of the cell; the second long vein carried a long way past 
the marginal cross-vein ; supernumerary and mid cross-veins sloping towards the apex of the wing ; pos- 
terior and mid cross-veins in one line. Halteres pale. 
Length—2°5 mm. Haditat—Gambia (Dr. Durron). Time of capture—December. 
Odbservations—Described from a single Q taken by Dr. Durron on the side of a tub on McCarthy 


Island. It is the only African Corethra known, and can easily be told by the wing ornamentation and 


| 
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leg banding. The specimen is described partly from a xylol-balsam preparation. The mouth is provided 
with very distinct piercing lancets. It comes most near Corethra brasiliensis, but can at once be 
separated by the leg banding, wing venation, and spotting. 

The great extension of the second long vein past the marginal transverse vein is a very marked 


character. 


OTHER DIPTERA 


Phlebotomus. Sp. ? 


Several specimens of a large ‘ owl-midge’ hatched out from pupae, taken in November and 


December from a duck pond. ‘The species is probably new. It seems to be common in West Africa. 


Tabanus dorsovitta. WatKkER 


Two specimens of this common West African gadfly, which bites severely, taken in mangrove 


swamps and called by Dr. Durron the large Mangrove fly. 


Glossina longipalpis. WikDEMANN 


Var. fachinoides. WEsTwoop 


Eight of this Tsetse fly were taken by Dr. Durron in November. It bites viciously along the 
river. It is closely related to the Glossina longipalpis, Wiep., but constitutes a distinct variety. It was 
described by Wesrwoop as a distinct species. Mr. Ausren treats it as a variety of the type. Its 


possible connexion with the Trypanosoma in man has been referred to before. 
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IN MEMORIAM 


Rev. SAMUEL ASHTON THOMPSON YATES, M.A. 


N this page we record, with heartfelt sense of loss, the death of the 
| Reverend SamueL AsHTon THompson Yates, the founder of the 
laboratories called after his name. 

Mr. THompson Yares leaves many who will mourn him, but there 
fcan be none who feel more deeply than we that with him a friend and 
| helper has passed from us. His lite was characterized by generous actions, 
fand the range of his sympathies was very wide. He gave greatly from his 
purse and from his time to alleviate the hardship of poverty in the great 
}city in which he lived. Possessing finely cultivated taste in art he loved to 
recognize and encourage the best of contemporary art in painting and in 
sculpture. His house contained many examples of his discernment of 
artistic genius. A bibliophile and a collector of coins and medals, the rarity 
falone of an object never sufficed to attract him, for him it had to possess 
| beauty as well. He was much interested in early glass, and issued a volume 
on examples of stained window work, as illustrated chiefly in some French 
cathedrals. He had travelled much in France, and was very fond of that 
country and its people. 

His interest in Natural Science was that of a cultured and broad- 
sminded layman. The memory of his visits to these laboratories will 
always be treasured by the workers whom he met in them. A word of 
encouragement, an interesting query, a sign of approval, a suggestion of 
}some improvement, a chat about the work going on, and an enquiry as to 
}what would be undertaken, these were the unfailing signs of his watch- 
fulness over the career of the building, that he not only founded and 
equipped, but constantly helped to keep effective and maintain. Had it 
not been for him, the work that has been issued in these reports would 
‘never have been done. Although but a feeble tribute to his memory, there 


could therefore in one sense be no more appropriate memorial to him than 


this page. 
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IN MEMORIAM 


PROFESSOR NOCARD 


HE workers in the Thompson Yates and Johnston Laboratories have 
bitterly felt the loss of Professor Nocarp. Early in May of this | 


year he was with us taking an active part in the inauguration of 


the new Research Laboratories of Bio-Chemistry, Cancer Research, Tropical 


Medicine, and Comparative Pathology. In that short time he won the | 
friendship and esteem of not only all those in the Laboratories, but of a_ 


5 


very large group of citizens, including scientific and medica! men, and the 


leaders of Commerce in this great Port. Very remarkable was the power | 


which he possessed of attracting men and making them appreciate the > 


claims of science. Upon the two occasions on which he addressed us in 
public he spoke in French, and his words were so simple and flowed so 


clearly and without hesitation that never were speeches in a foreign tongue — 


so readily grasped and received with such unmistakable enthusiasm. 
During the few days he was in Liverpool he accomplished much. 
What seemed most to strike him was the co-operation of the merchant 
with the science man. ‘The leading citizens were at all the gatherings ; it 
was they who had showed their confidence in the future of science by 
erecting and liberaily endowing these magnificent laboratories. The 
Chairman at each Banquet at which he spoke was a citizen who had given 
both of his wealth and of his time to further education. Nocarp seized 
upon the occasion and utilized it. He pointed out how, in this respect, we 
appeared to be in advance of his country. He pointed out the immense 
gain of such a union to national prosperity, and he took the success of the 
foundation of the Tropical School of research as one of the most striking 
illustrations of this. He showed how progress in a great part of our vast 
colonial empire was impeded through disease, and he repeated the words 
of Livincsrong, that the tsetse fly was the greatest obstacle to civilization 
in Africa. He demonstrated that the power to curtail and eradicate these 
diseases lay within our grasp, and that already medical research had 
abundantly proved this. One of the greatest proofs was now the loyal and 
unstinted support of the citizens, but he emphasized that still greater efforts 
were necessary, and that the givers had nothing to fear but much to gain 
from a scientific alliance. He gave us an illustration of this, and in doing 


so he has laid the foundation of what bids to become a great Veterinary 
movement in Liverpool. He showed how the recent calamities in Mauritius 
might have been averted by a little more knowledge on the part of the 
Veterinary Inspectors, and how had we systematically trained our Veterinary 
Officers in the tropical diseases of animals, as we are now doing in the case 
of our Medical Officers, the immense loss of money on that occasion would 
not have occurred. 

He urged us, therefore, to found a school of Veterinary Research, 
and we have done so, and those citizens who are concerned in the commerce 
of animals have come forward just as the West African merchants have 
done in Tropical Medicine, and are liberally subscribing to, and helping 
forward, the movement ; they have, in Nocarp’s words, realized that men 
of science are their most precious allies. 

In another direction Nocarp also did a great service to us, he 
brought us most friendly greetings from the Pasteur Institute, and he laid 
the foundation of what we feel sure will be a lasting friendship between 


ourselves and the most illustrious of Institutes devoted to Medical Research 


that the world has ever seen. 
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PREFACE 


N rgor, one of us (Dutron) saw trypanosomes in the blood of a European who was 
suffering from an illness characterized by a peculiar combination of symptoms."® "° 
The clinical picture presented was one which might be confounded with a sropical 
cachexia. In addition, the trypanosomes were rarely present in the finger blood, and 
were never very numerous. The discovery of parasites in this case made it necessary 
to enquire whether their occurrence was merely a curious pathological coincidence or 
specific. If the latter were assumed to be the case, it at once became probable that 
some tropical illnesses which had previously remained unclassified, or had been 
wrongly diagnosed, would be found to be cases of trypanosomiasis. 

Before the details of study of this case were published in the Thompson Yates 
Laboratories Report, May, 1902, a trypanosome was found in a blood film taken from 
a native child in the Gambia ; and the discovery of a second case of human trypano- 
somiasis made it probable that the first was not altogether a curiosity." The rarity 
with which the parasites appeared in the peripheral circulation of the European case, 
and their fewness when they were present, fully explained how easily they might 
escape detection and permit the malady in which they occurred to remain unidentified. 

The Committee of the Liverpool School of Tropical Medicine realized the 
possible importance of this new parasite as a cause of disease and sent this Expedition 
to Senegambia to make further investigations on the subject. 

While the members of the Expedition were in Gambia, the first European 
case remained in Liverpool under the care of Dr. H. E. Annert, who recorded 
observations on the course of the disease, and experimented with the parasite. The 
results of his work are incorporated in this report. 

Our thanks are due to Professor HerpmMan, Mr. H. C. Rosinson, and 
Mr. J. Jounstone for identifying some species of birds, bush rats, and frogs. 

We give a list of references to various articles on trypanosomiasis which may 
be useful to those interested in the subject. 

The Communication‘ written by Professors Boyce, Ross, and SHERRINGTON, has 
spared us the task of discussing the history of the discovery of human trypanosomiasis. 
To them, who so clearly defined our situation, and to all, both in England and in 
Africa, who have aided us in our work, we are most grateful. 

Our thanks are particularly due to Dr. Annerr for the constant kindness with 
which he has met our many trespasses on his time, and to Dr. H. Wotrersran 


Tuomas and Dr. S. F. Linton, for their goodness in correcting the proofs. 
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NERO DUCLION 


E arrived in Bathurst on the 2nd of September, 1902, ind remained there for 
three weeks. Cape St. Mary, seven miles from Bathurst, then became our 
heidquarters, and we stayed there until the first week in January, when we 

went to McCarthy Island, which we made our base until we left for Senegal on the 
jth of May. Subsequently, we remained in French territory unti! we left for England 
about the middle of June, 1903. While we were in the Gambia we arranged our 
movements so as to allow the study of the distribution and of the properties of the 
Gambian trypanosome to proceed simultaneous!y. ‘To this ead we established our 
laboratory at a convenient spot, as a base at which experimental work could be carried 
on, and from which short journeys could be made with the object of determining the 
frequency of trypanosomiasis among the natives. 

Our stay in Senegal was almost totally occupied in studying the sanitary 
conditions of the principal towns, and in drawing up a scheme, at the request of 
M. Roume, the Governor-General of French West Africa, on which to base an anti- 
mosquito campaign. 

A description of the work done in Senegal has been embodied in another report. 
This, ‘The First Report’ of our expedition, is intended to describe only a very smal! 
portion of the work done in the Gambia on trypanosomiasis. 

Although trypanosomes were found in men, horses, rats, mice, birds, snakes, 
tortoises, and frogs, we were able to study only those parasites found in men and 
horses. The distribution, clinical symptoms, and the. morphology of these latter 
parasites, together with a synopsis of their reactions in experimental animals, wili be 
first described ; there will then follow a brief description of the organisms seen in the 
remaining hosts. 

We shall only briefly mention our unsuccessful attempts to transmit the 
disease from infected to uninfected animals by means of biting flies. 

A second report will contain a more extended study of the results of animal 
inoculations of the various trypanosomata found in the Gambia. It will also contain 


our, at present incomplete, observations on their ag 


gelutinative powers and on the 
B 
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possibility of altering their virulencies. We reserve for this report descriptions of 
the microscopical pos/-mortem appearances in infected animals, and a detailed comparative 


examination of all known pathogenic trypanosomes. 


Lazporatory Meruops 


Blood was examined, both fresh and stained. When it was possible the 
centrifuge was used in preparing the fresh specimens, which were examined as soon as 
prepared. We found that if trypanosome-infected blood were mixed with equal parts 
of the following solution and centrifuged, the great majority of the parasites were 


collected with the white cells in a thin white layer, which could be easily removed 


with a fine pipette :— Sodium citrate I gramme. 


Normal saline solution 100 c.c. 


For centrifuging the blood of animals from which it was possible to obtain 


i>) 


several cubic centimetres, urine centrifuging tubes were used. These were far too 
large, however, for examining the blood of natives, small birds, and animals, of which 
we could obtain only a few drops at a time. For examining such small quantities, 
varying in amount from ovr c.c. to 0°26 c.c., we adopted the following method. 
Rather thin-walled, easily fusible glass tubing, having an internal diameter of five mm., 
was drawn out into bulb-shaped capsules having an arm at either end, and capable of 
being placed in the haematokrit arm of a centrifuge.* | Blood was allowed to enter the 
bulb by capillarity, until it was half or three-quarters filled. The sodium citrate solution 
used as a diluting fluid was then allowed to fill up the remaining space, and the bulb, 
its longer arm having being carefully sealed in the flame of a spirit lamp, was placed 
in the centrifuge. 

In fifteen minutes a well-marked white ring is present. The serum and diluting 
fluid can very quickly be removed by gently scratching and then breaking the glass 
about four or five mm. above the ring, and smartly tapping the bulb containing the 
undesired clear fluid. The white ring can then be easily removed by a capillary 
pipette and examined under a coverslip as a moist preparation. 

We nearly always used a one-sixth (Zeiss D) objective with a No. 4 ccular (the 
diaphragm of which had been removed) in searching fresh blood for trypanosomes. 
By doing this we secured a large field, and were able to examine slides very quickly. 
Since a living parasite 1s always ‘spotted’ by its movements rather than its form, we 


o, Even with the aid of this manoeuvre, ten to 


lost but little eficiency in so doing 


fifteen minutes were required to examine the amount of blood covered by a three- 
quarter inch square coverslip, the size which we used throughout our work. 
Blood films on slides were taken from every case for permanent preparations 


and further study. 


* Kanthack, Durham, and Blandford, Royal Society Proceedings, vol. lxiv, No. 404, 1898; Durham, Thompson Yates 
Latoratories Report, Vol. 1V, pt. il, 1902. 
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Films were fixed either by absolute alcohol or by the vapour of the following 
mixture, in which preparations were allowed to remain for from five to fifteen 
seconds, as recommended by PirtmMer and Braprorp,* 

Two per cent. solution Osmic Acid | 7 
: : : ‘Equal parts. 
Glacial Acetic Acid = = = l f 

We found the latter to be the better fixative. Its results were more constant, 
and the minute structure of the parasites, particularly the chromatic granules, were 
better preserved. 

All blood films, except where it is otherwise stated, were stained by the 


following modification of RomaNowsky’s stain, suggested by Dr. MacConxkey :-— 


[@ye) 
Solution A. Medicinal methylene blue (Hoechst) = = o'5 gramme 
Sat. solution of chemically pure borax in dis- 
tilled water - = = = = if CONC. C. 


Incubate for four days at 37°C., then add absolute 
alcohol - - ~ - - = £OOrG.C; 


and allow to stand for one day before using. 


Solution B. Eosin, extra B.A. crystal (Hoechst) - - 025 gramme 
Distilled water ~ - - - - 50°00 C.c. 
Absolute alcohol - - - - - §0°00 ¢.¢c. 


These are the stock solutions. For laboratory use dilute each with distilled 
water, one part of stain to nineteen of water. Support the slide to be stained face 
S 


tains in a small flask and pour 


downwards. Mix equal parts of the diluted 
immediately into the staining dish. The length of time necessary for staining varies 
from three to six minutes. 

When staining 1s complete, wash the specimen quickly but thoroughly in water 
and allow it to dry in the open air. 

The quantitative estimations of blood cells were made with the THoma- 
Zeiss ‘blood counting apparatus.’ A Zappert ruled cell was used, and both erythro- 
cytes and leucocytes were estimated from the same preparation. The haemoglobin 
was estimated with a Fierscuet’s haemoglobinometer. 

The qualitative leucocyte counts were made almost wholly from slides stained 
by the above-mentioned modification of Romanowsky’s method. When it was 
considered necessary to corroborate the results obtained by these methods, slides fixed 
by heat and coloured with Eurtricn’s tri-acid mixture were also examined. 

In order that our tables of differential leucocyte counts may convey a real 
meaning we have thought it well to define as exactly as possible what are the charac- 
teristics which have determined the headings under which we have classified the 


leucocytes. Cells having one of the three recognized types of granulation, as described 


* Plimmer and Bradford, Quart, jour. mic. science, Vol. XLV, part iii. 
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by Eurritcn* present no difficulty. It is in the estimation of the non-granular, 
mononuclear elements that there is a lack of uniformity. The criteria by which 
various observers decide exactly to what class a doubtful cell belongs are not always 
the same. 

Although there are two, or perhaps three, well-marked ‘types’ of mononuclear | 
leucocytes, forms intermediate between them may occur. There is no definite 
characteristic by which such intermediate forms may be classified ; and in differential 
counts, as often presented, the personal equation isa regrettable factor. It is in an effort 
to avoid this personal error, and to present our work in a form which will have a real 
clinical value, that we have grouped our mononuclear elements in the manner here 
described. 

The deeply basophile lymphocyte of about the same size asa red cell, with 
deeply staining cytoplasm and central, relatively large, nucleus is a constant, easily 
recognizable type. It must be remembered that, though forms are often seen whose 
protoplasm is not more basophile than their nuclei, yet these cells possess every other 
characteristic of small lymphocytes, and as such they must be classified. A study of 
a sufficient number of films will lead from these small forms, by insensible gradations, 


through a long series of mononuclear cells to a type of leucocyte possessing all the 


characteristics of a ‘ large mononuclear.’ 

The typical large mononuclear leucocyte, as described by Euriica (loc. cit.), 
occurs in normal blood in very small numbers (one per cent.) and is also a constant 
easily recognizable form. - It is a huge cell, two to three times the size of a red cell, 
and possessing a relatively large amount of usually palely staining cytoplasm and an 
oval eccentrically placed nucleus. The cytoplasm is finely, the nucleus coarsely, 
reticulated.T 

Between these two extremes there 1s an intermediate group of cells possessing 


characteristics which do not conform to those of either division. 


Many observers, however, do not strictly hold to Euriicu’s definition of a 
‘large mononuclear leucocyte,’ but classify under this head almost any cell which is 
slightly larger than a lymphocyte, possessing at the same time the staining reactions, 
structure, and often bean-shaped nucleus of a ‘large mononuclear.’ By so doing 
they avoid a complex classification. It is the difficulty of determining exactly what 
combination of properties is sufficient to place members of this large unclassified 
group into either of the two main divisions which has produced a third class ‘large 
lymphocyte.” The nuclei of any of these mononuclear cells may be ‘incurved,’ 
“horseshoe shaped,’ or even sub-divided. 

Cells of the small lymphocyte type with irregular nuclei (rarely 0-5 per cent. 


in normal blood) are classified as lymphocytes. Cells of the large mononuclear type 


* Hhrlich und Lazarus. Lae Anaemie, Wien, 1898. 


ft Ewing, Clinical Pathology of the blood, 1901. 
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Wr 


possessing ‘horseshoe nuclei,’ whether possessing sparse neutrophilic granulation or 
not, are often called ‘transitional.’ Whatever the name employed, the clinical fact 
remains that in malaria, the type of disease in which a ‘large mononuclear increase’ 
occurs, the cells which become more numerous are those mononuclear large cells 
possessing the following characteristics :—~They have slightly basophilic, finely reticular 
cytoplasm, often possessing nodal thickenings which simulate granulation. Their 
nuclei, though usually taking a deeper stain than the protoplasm, are still not ‘deeply 
basophilic,’ and are coarsely reticulated and often irregular in shape. The size of such 
cells varies from one-half to even four times that of an erythrocyte, and the 
proportion between their cytoplasm and nucleus varies greatly. 

Practically speaking, then, in malaria all the mononuclear elements, save the 
small and deeply basophilic lymphocytes, are increased, and it is solely for the 
purpose of presenting a simple definite clinical picture of the somewhat analagous 


changes in our cases of trypanosomiasis that we have adopted the following 


classification. 
Neutrophiles. 


Eosinophiles. 
Mast cells. 
Lymphocytes. 
Mononuclear small cells ee ae noe . 
Lymphocytes with irregular nuclei. 
| Large lymphocytes. 
Mononuclear* large cells) Large mononuclears. 


\ Transitionals. 


The headings neutrophiles, eosinophiles, mast cells, and lymphocytes need 
no explanation. ‘The term ‘lymphocytes with irregular nuclei’ explains itself. We 
have classed as ‘large mononuclears’ only those cells which conform to EHR icu’s 
description, but have admitted as ‘ transitionals,’ despite his definition, any large cell 
with a horseshoe shaped or doubled nucleus whether it contained sparse granules or 
not. 

INOCULATIONS 

Infected material was, as a rule, diluted with approximately equal parts of the 

usual sodium citrate solution before inoculation. 


Both intraperitoneal and subcutaneous inoculations were practised. 


* The simple division of all mononuclears into two general classes, large and small, was suggested by the classification 
employed by Turk.f We have endeavoured, while taking advantage of its simplicity, to retain that greater precision of descrip- 
tion ensured by a more complex classification. It will be at once seen that the division styled ‘mononuclear large cells’ in- 
clules both Ehrlich’s ‘large mononuclears’ and other cells for which that name cannot be employed. 

7 Turk, Klinische Untersuchungen ueber das Verhalten des Blutes bei acuten Infektionskrankheiten, 1898. 
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Il. HUMAN IRYPANOSOMITASIS 


We have decided to retain the term Human Trypanosomiasis® as a convenient 
heading under which to discuss all cases in which the human subject is infected with 
trypanosomes, quite irrespective of the clinical symptoms characterizing the case 
under consideration. At the same time we recognize that a more extended sub- 


sidiary nomenclature may become necessary to indicate special morbid types of 


infection produced by these flagellata. For example, the type of illness now several -| 


times observed in Europeans infected with them has been called ‘ trypanosome fever.’ 


DisTRIBUTION AND PREVALENCE 


Our first endeavour on reaching the Gambia was, naturally, to find a second 
case of trypanosomiasis. 

A native child was known to have been infected, and we, therefore, determined 
to examine the blood of as many persons as possible, both black and white. Since 
parasites very similar to those already seen in man were known to occur in mammals, 
and since it was not impossible that they might be infected with the human trypano- 
some, it was necessary to include them in our examinations, all of which were made 
in the same way. 

Our routine method for the detection of parasites in the peripheral circulation 
was, we are aware, imperfect. The exigencies of travelling, together with the length 
of time necessary to make preparations, prevented the constant employment of the 
centrifuge and animal inoculations as diagnostic methods. A coverslip preparation, 
for immediate examination, and a film for staining subsequently, were taken from 
each individual examined. Names were also recorded, and, in the event of infection, 


the case was recalled for further examination. 


PD isrRIBUTION 


The accompanying map of the Gambia, though not minutely exact, will give 
a very excellent idea of the localities in which we worked, and will, with the following 
table, indicate very precisely the numbers of natives examined in each district. 


Those towns in which infected individuals were found are in italics. 


= 


TRYPANOSOMIASIS EXPEDITION TO SENEGAMBIA 


Number Number 

a Place examined infected 
Sept. 11-26 «ea Bathurst’ 4... = ee Pe 41 fo) 
Oct. 15-23 ...| Cape St. Mary (patients) * mes 12 Oo 


Nov. 1-Dec.9_ ... » » (oy) eee 6 

Ole 8 anc ...| Bakau ee ay, side a 34 fe) 
5 
6 


Poe ae: ...| Wasaloonka ane 568 sao 2 fo) 
Nov; “5 =<-- ...| Sakuta p08 o a oe 1 fo) 
Es Thor ...| Lammin ae ei sigs ney BG 3 
ep itomenns ..-/ Busumballa oa tes sn 46 fe) 
ey hlig eae ...| Brefet a See ate a 38 fo) 
Se LS eae ..-| Gunjur oe oad ane Pes ayo) 1 
a 0S Birkama... ae me fens 36 fe) 
Deca “6 sa Soa) (Piubayigeey Yer as uae sco 14 fe) 
ee ...| Farrabubunta Bae Ae bee 32 fo) 


OL ate peel eat neta ae in ee ti 43 ° 


eye eile fares =| Bajana hes ie oe ze 1g fo) 
PLZ are Pee |mebteret aie oe See ...| 38 fo) 
Se LAR Pans ..-| Somita i Oe — BS 27 ° 
»» 17-20 sad) Winstebeles © ac i ie sa 84 ° 


Jans TO" es. ..-| McCarthy Island ... see ee 28 fe) 


Mar. 29 ... vie - 5, (Labourers) ao 30 fe) 
Jan. 19-21 wee| Kuatur = anh re me go I 
pe nrace sao | Ieabeyehall dee gar hee nee es 15 ° 


Omer oon) dah nee oN oe ss 10 | ° 


Heb. £0 s+ ...| Manna ana a sia ae 31 Oo 
iat VON se -v+| Maka (French territory) ae 62 © 
12 eee .--| Boulenbou (_,, Sn 2) ae 2 


6 
ae? fc eee ...| Walia (aa. apie) ae 59 fe) 


Re 2 Omen: Boll slothnakubosle ane ae ae nee 2 fe) 
oy 20a cee ...| Yarbutenda oe 3h Baal 13 fe) 
eile aa bao) Siubolgtherake an Ry Sa sf 16 fe) 
April 7 | Berif fee ee ie “ae 4 fo) 
Pe Our: ...| Bantonding ses one ie 5 fo) 
see Oe as ...| Fatotenda «.. i dete | 17 I 
myn TDG. take Peri) eames © sen aan sree men 23 fe) 
oy 2) ae ...| Sallikene ... bie sie ste 36 ° 


1,043 6 


* These were natives, complaining of various ailments, who, from time to time, came to us to ask for medicine. 


af 
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Cases were found both near the sea and some two hundred and fifty miles up 
the river at practically the end of British territory. There was no evidence to show. 
that natives living in any particular type of locality were especially subject to infection, 
neither do we find that the disease occurs in well-marked zones or ‘belts.’ For 
instance, although three cases of infection were found in thirty-five natives examined , 
at Lammin, the natives of similarly situated villages, both neighbouring and distant, 
have been searched in a far more thorough manner and have failed to disclose a single 


parasite. We have found cases in low-lying 


g, river-side villages surrounded by man- 


grove swamps; we have seen them in towns built on high ground and far from 
water, and observed them both near the sea coast and as far inland as Fatotenda. 


How far the disease extends beyond the colony of the Gambia we are unable to say, 


since only twice have we been able to examine natives in immediately adjacent French - 


territory.* 
PREVALENCE 

We saw altogether six cases of trypanosomiasis in the native, and once found 
the parasite in the blood of a quadroon, who can almost be considered a European, 
since his boyhood and a large part of his life were spent in England. 

We examined altogether one thousand and forty-three persons in the Gambia. 
The percentage of infection given by these figures is, we are convinced, smaller than 
is actually the case. . 

Our reasons for holding this opinion are the following :— 

(1) Many cases have certainly escaped identification both because of the scanty 
numbers in which the parasites are ordinarily seen in human beings and because of 
the periodicity with which even these are absent from the peripheral circulation.’*'* © 

(2) The majority of the natives examined were apparently healthy children 
and young adults, who could be persuaded by small bribes to allow their fingers to be 
pricked. It was in many places extremely difficult to obtain blood from older persons 
who are possibly more frequently infected. In any case the total number of examina- 
tions is too small to permit one to make a dogmatic assertion as to the percentage of 


infection existing among the Gambian natives. 


SYMPTOMS 
Since in both East’ and West Africa natives infected with trypanosomes have 
shown few or no symptoms ; and since a few Europeans in whose blood the parasites 
have been demonstrated have all suffered in roughly the same way, we think that it 
will be well to describe the cases observed by us in the Gambia according to the race 


of the individual affected. 


* We examined the blood of some two hundred and thirty individuals while at Dakar and St. Louis. Seventy-five were 


hosp:tal patients who had come from various parts of Senegal and the Soudan ; the remainder were children—the great majority 
of them inhabitants of St. Louis. ‘Twenty-eight of the hospital patients were white, the remainder Africans. The European 
cases, usually invalided for malaria, were examined with especial care. In the fresh preparations from these cases no trypanosomes 
were seen. The stained films taken from each individual have not yet been searched. 
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CxurnicaAL Descriprions oF Two Cases oF TRYPANOSOMIASIS IN EUROPEANS 
Notes by Dr. H. E. Annett 


Case 1.—H.K., an Englishman, aged forty-two, for six years in the Government 
employ as a master of the Government steamer plying up the Gambia River, on the 
West Coast of Africa. 

The illness dated back from May, 1901, when, after a period of heavy duties, 
he completely broke down and was admitted into hospital at Bathurst. There was a 
previous history of occasional attacks of malarial fever. It was during his stay in 
hospital at Bathurst that peculiar worm-like bodies were seen in specimens of blood, 
the nature of which Dr. Forpe was unable to recognize.* 

The illness was at first sight diagnosed as malarial fever, but, proving quite 
resistant to the administration of quinine, and presenting other peculiar characters, 
this diagnosis was abandoned. The peculiar symptoms were : ‘irregular patches of a 
congested or cyanosed character appearing on different parts of the body, the colour 
slowly returning after pressure. An oedematous condition . . . . most marked on 
the face below the eyes, varying in degree from a scarcely noticeable swelling to 
well-marked puffiness : a condition also noticed in the lower part of both legs and 
around the ankles, but only in a slight degree, The respirations always . . . . from 
twenty to thirty, periodical accelerations occurring quite independently of any rise in 
temperature, and whilst the patient was quietly lying in bed. The pulse was also 
accelerated, varying from seventy to one hundred and twenty. There seemed to be 
no relation between the rate and the temperature. . . . . The beat was always strong 
and regular, The appetite was bad all the time, and though a fair amount of liquid 
nourishment was taken daily, the patient gradually lost weight and colour and became 
very emaciated, The liver and spleen were practically normal in size and position, 
The temperature was irregularly intermittent with two or three days of normal or 
subnormal periods, and unaffected by any drugs.’ 

After three weeks in hospital, K. was invalided home to England, and arrived 
in Liverpool in a very weak condition. Until August 12 he remained at home 
under the care of his own medical attendant, and on that date was admitted into 
the Liverpool Royal Southern Hospital, under the care of Dr. Macatisrer. He 
complained of general weakness and lack of energy. Briefly, his chief symptoms 
and physical signs were :—‘Subnormal temperature ; slight headache, but no pain ; 
furred tongue ; fair appetite; no vomiting ; constipation ; pulse (on admission), 
120, falling to about 92, regular in time and force, low tension, fair volume; heart 
sounds weak and distant, otherwise normal; respiration (on admission), 32, falling 
later to 20; slight dyspnoea on exertion; lungs normal ; weakness in legs; some 


wasting ; knee jerk and plantar reflexes present and easily obtainable ; sensation 


* Thompson Yates Laboratories Report, 1902, Vol. IV, Part ii. 
(e 
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normal ; urine normal in quantity, sp. gr. 1032, no albumen, no chlorides ; liver 
slightly enlarged, but not tender; spleen normal in size; considerable tenderness 
over the splenic area.’ 

The patient remained in hospital for fourteen days, during which period the follow- 
ing further observations were noted :—The temperature curve* shewed three short 
periods of pyrexia, during which the temperature reached 101° to 102° F. in a few 
hours, and fell rapidly to normal, with intervals of about three days apyrexia. On one 
occasion the spleen was felt below the costal margin. The pulse and respiration were 
always frequent, and varied on exertion and with temperature. Generally, however, 
their rates were quicker than when in hospital at Bathurst. No malarial parasites 
were found in specimens of his blood during this time. 

The patient remained in England recruiting his health for some months, and 
returned to Bathurst in December, igo1. On the voyage out he was very ill with 
what was diagnosed as pneumonia of an atypical character, The sputum was 
described by the ship’s medical officert as more of the nature of pure blood. 

Immediately on his return to the Gambia, K. was placed on the sick list. He 
had not yet recovered from his attack on board ship, and was very thin and weak, 
and easily fatigued. On examination by Dr. Forpe and Dr. Durron, on December 
18, his temperature was 100°4° F. ; pulse, 96, respirations, 34. 

‘His chief symptoms were weakness, marked loss of weight, inability to walk 
far without feeling very tired Patient did not complain of any definite symptoms. There 
was no pain nor headache, but a little loss of appetite, and sleeplessness at times. On 
December 16 he had slight bleeding from the nose, There was no cough, but some 
dyspnoea on exertion, The general facial aspect, which had been remarked upon by 
his friends, was very striking. The face was puffy and congested. The eyes were 
sunken, the conjunctivae had a watery appearance, but were not congested ; the most 
prominent feature was the puffiness of the lower lids, which were distinctly cedematous, 
On examining the body generally, one noticed that the skin appeared cyanotic, 
especially on the chest and thighs ; pressure made with the hand caused a white mark 
which took some little time to disappear. There was some puffiness around the 
ankles, the skin pitting slightly on pressure ; the skin was dry ; no jaundice, 

No cough, no expectoration, Respirations were increased in frequency, This 
frequency of the rhythm was very noticeable on the slightest exertion or excitement. 

During the time of these observations, his respirations were never below 
29 per minute, the usual being from 25 to 30; they were never laboured. Chest 
somewhat barrel-shaped ; breath sounds, normal; no dulness ; slight emphysema, 
otherwise the lungs seemed healthy, Pulse frequent, 96 ; regular in time and force ; 


tension, normal ; artery, normal. The pulse was always frequent and hardly ever 


* The chart and details of the case are given in a ‘ Preliminaty note upon a case of a Trypanosome occurring in the 
blood of man.’ J. Everett Dutton. Vhomp:on Yates Liboratory Report, 1902, Vol. LY, Parte: 
t British Medical Jourra!, 1903, March 28. 
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less than 90, even when the temperature remained low. Heart apex in fourth 
interspace, four inches from the middle line ; impulse distinctly seen, not diffuse ; 
cardiac dulness commenced about at the third rib and did not extend to the might 
beyond the midsternal line; cardiac sounds, normal, no adventitious sounds. 
Appetite fair, no diarrhoea; had to take an occasional aperient. No pain on 
abdominal palpation, Liver dulness, four-and-a-half inches in nipple line, extended 
just below costal margin, Slight bulging over the splenic area; dulness increased 
diagonally, measured seven inches ; the edge of the spleen could be felt below the 
costal margin ; no tenderness on palpation, In nervous system nothing abnormal 
could be detected. No definite enlargement of lymphatic glands. Urine normal in 
quantity, rather high-coloured ; Sp. Gr., 1,020 acid ; no albumen; no casts ; some 
phosphates.’ 

During the next few weeks, while the patient was still on the sick list, observation 
of his condition shewed a temperature, pulse, and respiration similar to what had 
previously been recorded in England. The temperature chart showed periods of slight 
pyrexia lasting three or four days, with intervals of four or five days in which the 
temperature remained below normal. During this time K. was never confined to his 
bed, and was able to take short walks ; his appetite was. distinctly good during the 
apyrexial periods, and the pain over the spleen disappeared. 

On December 26, he was sent to Cape St. Mary, seven miles from Bathurst, 
on the sea coast, and here he quickly improved. He still, however, shewed a slight 
temperature nearly 100° F. at times, some puffiness about the eyes ; slight injec- 
tion of the conjunctivae ; some weakness in legs; and slight oedema about the 
ankles. He was able to resume his ordinary duties, seeming to be much 
improved. 

It was during this period that the true nature of the blood parasite was made 
out by Dr. Durron, and it was noted that during the pyrexial accesses the parasites 
were more numerous in the blood than during the apyrexial intervals, when occa- 
sionally none could be found during an ordinary examination. 

‘A blood count on December 18 (four hours after food) shewed red 
corpuscles, 3,850,000 ; white corpuscles, 12,000 per c.cm.; haemoglobin (Gower’s 
apparatus), 76 per cent. A differential count of the white corpuscles made 
on several occasions, both when parasites were present and absent from the peripheral 
blood, shewed an increase of lymphocytes at the expense of the polynuclear cells, the 


-relation being generally about fifty per cent. of the latter to forty per cent. of the 


gs 
former.’ 

On July 25, 1902, K. again arrived in England, invalided home from Bathurst, 
The chief points of his condition, taken from notes made at the time by Dr. Durron, 
were :—Although the temperature and pulse had not been regularly taken, K. described 


short periods of fever and of feeling out of sorts. He looked considerably thinner, 
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and said he had lost weight. He also complained of weakness of the legs. He had 
had occasional bleeding from the nose, and had noted some swelling about the ankles, 
The eyelids and nose were swollen and oedematous. Appetite fairly good. Some 
tendency to constipation, Respiration became troublesome and distressing on slight 
exertion, 

On examination, the most noticeable feature was the presence of the erythema- 
tous-looking, raised rash, on the skin of the chest and back, thighs, and arms, There 
was marked dyspnoea, Pulse, 120, regular, poor tension,  Respirations, 30. 
Heart slightly dilated. Urine, 1,016, acid ; no sugar ; slight trace of albumen ; of 
normal quantity. Patient’s weight, 158 pounds. Examination of blood: Sp, Gr., 
1,057; red corpuscles, 4,400,000; white, 6,800. Haemoglobin, go per cent. 
Temperature varied only between 97° and 1oo°F, From one to three parasites 
could be detected in every cover-glass preparation of blood taken from the finger. It 
was noticed that tissue juice obtained from the swollen oedematous lower eye-lid, 
or from the raised erythematous patches contained a comparatively larger number of 
trypanosomes than the peripheral blood, 

Up to December 29, the case continued to follow the chronic course, which 
apparently characterizes the disease in Europeans. The increased frequency of 
pulse and respiration, the peculiar congested areas of the skin, the local and fugitive 
oedemata, the enlargement of the spleen, and the irregular rises of temperature con- 
tinued until the end. But under treatment, which, after the apparently useless 
administration of quinine and arsenic in large doses, consisted of the admininistra- 
tion of urotropin in doses increasing from five to ten grains three times a day, the 


patient increased in weight (from 158 pounds to 168 pounds), and improved con- 


siderably in muscular strength. Slight rises of temperature, reaching sometimes 
102° F., at intervals of from one to ten weeks, lasting only a few hours, and 
occasionally some increased difficulty in breathing produced some distress. 

The patient was usually in fairly good spirits, although having some idea of 
the nature of his condition ; but on rare occasions he manifested very considerable 
depression and indifference to living. There was always a tendency to constipation, 
corrected by regular use of aperient waters ; and short, smart attacks of severe pain 
over the spleen at times caused him to remain indoors. Otherwise during this 
time he lived much in the open air, and practised the most regular and healthy 
habits. 

During this time parasites were very scanty in the peripheral blood, and at 
some examinations appeared to be entirely absent, at others two or three only could 
be discovered atter a long examination of several blood films. But the inoculation 
of ane (white rats and monkeys) demonstrated their presence. 

On the morning of December 29, acute symptoms developed, ushered 


in by an indefinite rigor, the temperature being stated to be 99°6°F. In the 
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evening the temperature was 104°, the pulse, 126, and respiration, 28. On 
the morning of the next day, the temperature, which had continued high 
during the day, was 105°F.; pulse, 1303 respiration, 30. There was some 
delirium, and the patient recognized his friends with difficulty, The respiration 
became of CuHryne-Srokes character, and there was some difficulty in utterance ; the 
pupils appeared normal. An examination of the patient revealed nothing to account 
for the acuteness of the symptoms, which indicated some cerebral disturbance. The 
patient seemed to be i extremis, but rallied considerably during the next day, the 
temperature gradually falling to 102°5° F., while the pulse and respirations remained 
about the same; there was no delirium, On the morning of January 1, the 
temperature fell further to ror F., but the respirations became still more frequent, 
reaching 60 to 70, until death occurred, the patient remaining conscious almost to the 


end. An autopsy was unobtainable. 
Case 2.—The second ‘ European’ case observed by us was Mr. Q. 


He was a quadroon and was educated in England, though born in Gambia, 
where he has been resident for the past twenty-four years as a trader. He spent a 
good deal of his time on or near the river and in swamps while occupied in getting 
out either logs of mahogany or loads of piassava fibre. For the two years before his 
death he had lived on the river’s bank at his Sakuta factory, situated roughly one 
hundred and thirty-five miles from the sea. His house was built upon a bit of fairly 
dry ground about three feet above high tide. It was quite cut off from the main 
land by a huge swamp, which was impassable except in the middle of the dry season. 
Mosquitoes of all sorts bred and multiplied in this swamp, and they, with Tabani and 
innumerable Glossinae, were a continual pest. 

During his rough life he very frequently lived for long periods in native 
villages, almost as a native. Irom these circumstances it can be gathered that he was 
very constantly exposed to, and very frequently bitten by all sorts of blood-sucking 
insects. In spite of this insanitary life Mr. Q. had, of late years at least, been very 
well, and had never suffered from ‘ fever,’ although when he first came to the Colony 
he had had a good deal of ‘ malaria.” His habits were fairly regular. He smoked 
but little, and only occasionally indulged in too much alcohol. He was rather a 
heavily, sturdily-built man, aged fifty-six years. His height was five feet six inches, 
and his weight, in health, one hundred and ninety-four pounds. He was active in 
habits and robust in constitution, and, except during his periodic attacks of fever, 


felt quite well. 


When we first saw him in October, 1902, he complained of not being well, 


and said that :— 
(1) He had lost flesh, weighing only one hundred and fifty-six pounds, 


r 


instead of one hundred and ninety-four pounds as formerly. Weight 
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was lost gradually. Six months previously he had weighed one 
hundred and seventy-four, and two months before one hundred and 


sixty pounds. 


(2) He complained of constant accesses of intermittent slight fever 
(going up to ror? F.), which was not checked by quinine. He 
habitually used a clinical thermometer and took ten grains of quinine 
every two days; so this history of fever may be assumed to be 
COGnkECt. 

(3) He became easily fatigued. He lost breath easily. His legs seemed 


sometimes to be weak, and he occasionally had palpitation. 


(4) He had, from time to time, pain in his loins, particularly after 


exertion, and, twelve months previously, in the splenic region. 


He attributed the commencement of his illness to the bite of some insect 
which he received on his thigh, a year before (October, 1901), while at closet 
in Bathurst. This bite became livid and tender, and swelled up in a very short 
space of time to the size of a walnut. It was followed six hours later by an 
attack of ‘ague,’ which developed into ‘fever’ and kept him in bed for some days. 


Since this illness he has never been himself. 


Clinical Examination.—In October, 1902, he had all the general appearances 
of a healthy man—his figure was rotund, his tace was not emaciated, and he certainly 
did not look like a man who had lost forty-two pounds during the preceding year. 
His friends, however, told us that he had lost a great deal of flesn and was much 
less stout than he formerly was. The exposed parts of his body were darkened from 
exposure, although his trunk, which was much marked by recent insect bites, was 
quite white. His legs were deeply scarred and pigmented by former ‘bush boils and 
ulcers.. The blotchy erythemata seen’* ** +? in the first European cases were not 
present, but vasomotor reaction was easily excited and his skin was markedly dermato- 
graphic. Although persistent reddening of the skin was noticed in places pressed 
upon by clothing, as, for example, around the waist and on the chest, we never 
observed any of that doughiness of the skin or the local transitory maculae which 


have been such marked characteristics of the other European cases. 


Shght pitting on pressure was observed on the shins and ankles. Mr. Q. 


was very certain that there had never been any puffiness of his eyelids. 


No organic lesion of heart or lungs was detected, although the rapidity of 
both pulse and respiration during rest was increased. There was no history of 
haemorrhages. His appetite was good and his bowels regular. The liver extended 
2 cm. below the costal margin but was not tender. The spleen extended 3°5 cm. 


below the costal margin and was rather tender on firm pressure. 
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It is most unfortunate that we were never able to obtain a specimen of urine 
for examination from this case. Sexual impotence which had been a feature in the 
first European case was absent here. 

October 26: Pulse, 99; respiration, 18; temperature, 99°4°F. (Taken 
while sitting). Four to seven trypanosomes were present in each coverslip prepara- 
tion at this date. 

Mr. Q. was again seen on January 19 at his Sakuta factory. He then felt 
much better. Shortness of breath and palpitation had left him, and he had gained 
flesh, his weight at this time being one hundred and seventy-five pounds. 

He had taken none of the solutions of arsenic which Dr. Cuicuester had 
prescribed for him in October, 1902, and ascribed his improved condition to quinine 
and patent medicines which he had used rather freely. One of the latter consisted 
of methylene blue tablets. 


Objectively his condition was the same as it was three months previously. 


We again saw no macular erythemata nor marked oedema. There was still 
slight pitting over shins and ankles, slight temperature and frequency of pulse and 


respiration. Pulse, 104 ; respiration, 18 ; temperature, 98°2° F. 


About five c.cm. of blood was centrifuged, in it nineteen trypanosomes 


were found. 


A blood count showed— 


Red cells - ~ - - 4,350,000 
White cells - - - - 8,000 
Haemoglobin = = 2 g6 per cent, 


Differential counts of leucocytes made on preparations taken on two different 
dates were as tollows :— 
Blood count from five slides November 9, 1902, 1,100 cells counted. Stained 


with RomManowsky, effect not good, as no granules are seen in mononuclears. 


Neutrophiles - - 62°76 per cent. 
Eosinophiles = =, 0-40 per cent 
Mast cells - a G17? per cent, 
Mononuclear, small cells, 19°54 per cent.—Lymphocytes - 19°36 per cent. 
. with irregular 
nuclei, o°18 per cent. 
- large cells 10°53 per cent.— - large, 6°81 per cent. 


Large mononuclear, o*18 per cent. 


100°00 Transitionals = 4°54 per cent. 
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Blood count January 19, 1903, eight hundred cells from five slides were 


counted, RomManowsky effect good in two of these. 


Neutrophiles - = 53°06. per cent. | 
Eosinophiles - =" 6°20 Der cent. 
Mast cells - - = 1°25 per cent. 

Mononuclear, small cells, 26°62 per cent.-—Lymphocytes - 26°25 per cent. 


with irregular 
nuclei, 0°37 per cent. | 


9 


r large cells, 13°62 per cent.—Large lymphocytes, 9°00 per cent. 


», mononuclears, 0°25 per cent. 
100°0O Transitionals - 4°37 per centay 
About four per cent. of lymphocytes contained granules. 
»» eight 5 of large lymphocytes contained granules. 

On March 20 we received a message saying that Mr. Q. was very ill and 
asking us to go to him. 

Unfortunately we reached Sakuta too late to see him alive. His native wife 
refused to allow an autopsy, and we were able to gather but a very meagre history of 
his last illness from those neighbouring traders who had seen him and from his native 
servant. We were told that his last illness had commenced with a ‘cold and fever ’ 
on the 16th of March. Two days later he went to bed complaining of headache and 
pain over the spleen. On the 20th he was ‘unconscious, and unable to speak or 
swallow, his throat seemed to pain him,’ and he died during the early morning of the 
22nd, three hours before we reached him. No more accurate information than this 
could be obtained from the more or less conflicting reports proffered us. 

We were permitted to examine the body. P.-M. rigidity and hypostatic 
congestion of dependent parts were marked. There was the usual slight oedema of 
shins and ankles only. No fluid was found in the peritoneal or pleural cavities by 
aspiration. No parasites were found in blood taken with a syringe from the spleen 
and heart. A rat inoculated with heart’s blood taken at this time has never become 
infected. 


The original disease in this case commenced in October, 19c1, so that its 


) . 


duration was almost the same as that of Mr. K.’s illness, viz., one-and-a-half years. 
The regrettable incompleteness of our notes on this case is largely due to the 


patient’s unfortunate objection toa systematic examination. 
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Cases OF TRYPANOSOMIASIS OsserveD Amoncst THE Natives OF GAMBIA 


Case 1.—Woman, age thirty-five years, living at Lammin Village, on the 


te) 


Lammin Creek, Kommbo, 

History —The woman was married and had one child seven years old. She was 
a native of the town. 

She complained of feeling weak and ill, and asked for medicine. She said 
her illness commenced a month ago with a cough and fever, the fever at times, for a 
day or two, confining her to her hut. She related that during the rains she had been 
ill with fever and headache and that she had got much thinner. 

Note.—History unreliable. 

Cunical Examination.—Patient was a spare Mandingo woman, showing no 
signs of wasting and no skin lesions. There was a_ slight oedema around 
ankles, the skin ‘ pitting.” One lymphatic gland in the left axilla, though freely 
movable, was distinctly enlarged ; all the other superficial glands were palpable. 

The liver, spleen, heart, lungs, kidneys, and intestines were all normal. 

Pulse, 93 ; respiration, 18 ; temperature not recorded. 

Blod.—Coverslip preparations were examined on two successive days. The 


first observation showed one, the second five parasites to the coverslip.* 


Differential Count of Leucocytes 


Neutrophiles - = 24°75 per cent: 
Eosinophiles - - 6°75 per cent. 
Mast cells - - - Oy (per cent, 
Mononuclear, small cells, 42°co per cent.—Lymphocytes =! $269°5 ) percent. 


with irregular 
nucle, 2°, percent. 


op) 


Large lymphocytes, 19°25 per cent. 


re 


Mononuclear, large cells, 26°75 per cent. 


Large mononuclear, 1° per cent. 


Transitionals - 6°O per cent. 
T00°0O per Cente 


Four hundred cells from one slide were counted. 

Case 2.—Boy, age nine years. Living at Lammin village. 

History—He had never been far away from the village. Though he was said 
by his parents to be weakly he had had no serious illness, and worked with other 
boys of his age on a ground-nut farm in the neighbourhood. 

No definite history could be obtained. 

Chinical Examination.—Patient was a rather poorly-developed lad. Nothing 
abnormal was detected, except the enlargement of the spleen usually seen in natives of 
this age. This boy could run and wrestle as well as other boys without any marked 


increase in the frequency of pulse or respiration. 


* As previously stated three-quarter inch square coverslips were used throughout our work. 


D 
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Blood.—Exa 


preparation. 


Neutrophiles 
Eosinophiles 
Mast cells - 


Mononuclear, 


Mononuclear, 


Four hundred 


Case PGI 


mined on one occasion showed one trypanosome to coverslip 


Differential Count of Leucocytes 
- 23°5 per cent. 


= = 5°7§ per cent. 


- - o°25 per Cent. 


small cells, 57°50 per cent—Lymphocytes - 56°75 per cent. 
f with irregular, abnormal 
nuclei, 0°75 per cent, 
large cells, 13°00 per cent.—Large lymphocytes - 10 per cent. 
Large mononuclears, 0°25 per cent. 
—_-—— Transitionals = 2°75 per cent 

TOO°0O per cent. 


cells from two slides were counted. 


rl, age fifteen years, living at Lammin. 


History.—The girl was a water carrier and had never been far away from the 


village. She said she had never been ill in her life. She felt perfectly well and had 


had no fever. 


Clinical Examination.—Revealed nothing abnormal, beyond a slight enlarge- 


ment of the spleen. 


Patient was a very well-developed girl. 


Pulse and respiration were normal, and there was no fever. 


Blood.—Exa 


coverslip. 


Neutrophiles 
Kosinophiles 
Mast cells - 


Mononuclear, 


mined on one occasion showed twenty-three trypanosomes to 


Differential Count of Leucocytes 


= - 34 per cent. 
= - 10 per cent. 
= = I°745 per cent. 
small cells, 44°25 per cent.—Lymphocytes - 43°5 per cent. 
» With irregular 


nuclei, o°75 per cent 


Mononuclear, large cells, 10°00 per cent.—Large lymphocytes, 4°25 per cent. 


Four hundred 


a Large mononuclear, ro per cent. 
100700 Transitionals = ATs sper cents 


cells were counted from two slides. 


Case 4.—Boy, age twelve years, living at Gunjur, a large town not far from 


the coast, in the Kommbo district. 


History.—This boy came to Gunjur last year (1901), before the rains, from near 


Rufisque, in Senegal. A very indefinite history of fever was given by his guardians, 


who mentioned that the boy suffered from enlarged glands in the neck, and would 


} 
| 
i 


i 


J 
i 


| 
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soon have them cut out as a prevention against sleeping sickness.* The boy main- 
tained that he was perfectly well. 

Clinical Examination showed a sturdily built lad. All his organs were normal 
except the spleen, which could be felt 6°5 cm. below costal margin. There was no 
tenderness on palpation. 

The axillary, inguinal, sternomastoid, and submaxillary lymphatic glands were 
all very much enlarged, not tender, hard, and freely movable. One in the left 
axilla was the size of a pigeon’s egg. 

Pulse varied in frequency, was usually about 112 3 respiration, 26 ; tempera- 
fuce TOI F. 

Blood.—Was examined on two consecutive days. The first observation 


showed one parasite to coverslip ; at the second six were seen. 


Differential count of Leucocytes 


Neutrophiles - - 29°SO per cent. 
Eosinophiles - - 8°87 per cent. 
Mast cells - - ee O25 per cent, 
Mononuclear small cells, 46°26 per cent.—Lymphocytes - 41°64 per cent. 


re with irregular 
niche, 4°62 per cent. 
Mononuclear large cells, 15°12 per cent.—Large lymphocytes, 9°12 per cent. 
Large mononuclears, 0°50 per cent. 


Se Transitionals = 595 per €ent. 
1O0°OO 


Eight hundred cells were counted from two slides. 


Case 5.—A Jollof Mohammedan man, age thirty-five years, living at Kuntur, 
a riverside village in McCarthy district. 

History— He was born at Bantanding, near Barra Point, but as a child 
lived in Bathurst. 

He was at the age of fourteen years apprenticed as a sailor to one of the 
cutters plying on the Gambia River and worked up to be a captain. 

For the past five years he had Jived at Kuntur all the year round, working 
at one of the ground-nut ‘ factories.’ 

He had never had any serious illness, but at times had had what he called 
‘strong fever,’ generally in the morning, lasting for three or four hours. Last rainy 
season he was laid up with headache and ‘fever’ for three days; he said he had 


never had headache before, and at the time noticed his ‘eyes’ were swollen. The 


swelling of the left eye persisted for two weeks. 

J * The Gambian natives recognize sleeping sickness, and assert that they can foretell its onset. They believe that an 
invariable prodrome is an enlargement of the lymphatic glands, particularly of the anterior cervical and sub-maxillary groups. 
The excision of enlarged glands, to prevent sleeping sickness, is one of their few surgical operations. 
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He had had slight attacks of ‘fever’ during the past year, but they had not 
prevented him from working. Though he was a powerful man he said that he had 
lost strength during the past year and that he was not able to lift as heavy weights 
as usual. When at work and even when not working he sometimes ‘ breathed 
hard.’ For about a month he had had pain in his right side and back, which he 
believed was due to a strain caused by lifting a heavy weight. 

History reliable ; an intelligent man. 

Clinical Examination.—Patient was a very well-developed man. Muscles were 
good, appetite good, bowels regular. Respiratory system normal. Heart, slight 
accentuation of first sound at apex. Liver normal. Kidneys normal, urine could 
not be obtained for examination. Spleen extended 1°25 cm. below costal margin, 
not tender. All lymphatic glands were slightly enlarged, especially the inguinal 
groups, but freely movable. Some slight ‘pitting’ over tibiae and dorsa of feet, 
especially the left. No varicose veins. ‘There were some slight scars on the shins 
and an old injury to the left little toe (crushed). Some slight puffiness of the 


lower eyelids, especially the left, was noticed. 
Pulse, 82 > respiration, 265 temperature, g9°8 L- 


Blood.—One examination showed eleven trypanosomes to cover— 


Red cells - - - - 4,600,000 
White cells - - - - 7,500 
Haemoglobin = 2 = 7p oer cent. 


Differential Count of Leucocytes 


Neutrophiles - = 43°75 per cent. 
Eosinophiles 2 =) “$742 per cent. 
Mast cells - - = —O°7T per cent. 
Mononuclear, small cells, 29°42 per cent—Lymphocytes - 29°14 per cent. 


» with irregular 
nucle, 0°28 per cent. 
Mononuclear, large cells, 20°7 per cent——Large lymphocytes, 13°42 per cent. 
Large mononuclears, 2°0 per cent. 
1L00°00 Transitionals - 5:28 per cent. 


Seven hundred cells were counted from five slides. 


Case 6.—Mandingo youth, age twenty-two years, living at Fatotenda on the 
upper river. 

History.—WVas born at Medina, five days’ march to the south from Fato- 
tenda. He was a student, and although he had travelled a good deal in French 
territory to the south of the Gambia he had never, until he came to Fatotenda in 


January, 1903, either lived on the river or done any sort of manual labour. 
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He said he had never had any illness and that he was quite well and strong. 
| He complained only of a small chronic ulcer on the left foot. He stated that for the 


| last nine months he had occcasionally had a slight nose bleeding, which sometimes 


lasted subcontinuously for two days. 

Clinical Examination.—The patient was a well-developed lad. Muscles were 
good. Nothing abnormal was detected, with the exception of a slight enlargement of 
_ the spleen, which extended 1°5 cm. below the costal margin. All the glands were 
_ palpable, but none were markedly enlarged. There was a slight injection of the 


~ nasal mucous membrane, and the tonsils were slightly enlarged. 


Urine, slightly acid, 1,007 ; colour, normal; no haemoglobin. Albumin and 
a small amount of pus were present. 
April to. Temperature, 100°1° F. - Pulse, 84 - Respiration, 20. 
a. se ee Goa = 55 104 - Respiration, 22. 
Blood.—Examined on two occasions. 
April 10. Two trypanosomes to cover were seen. 
5 15. In three coverslip preparations, one trypanosome and two 


specimens of F. perstans were seen. 


Red cells - - - - 3,950,000 
White cells = - - - - 8,000 
Haemoglobin 3 = = 63 per Cent: 


Differential Count of Leucocytes 


Neutrophiles . - 40°6 per cent. 
Kosinophiles - = 13%) percent. 
Mast cells - - -  0°3 per cent. 


Mononuclear, small cells, 32°8 per cent.—Lymphocytes = -39°6 per cent. 


with irregular 


” 


nuclei, Or) per cent. 


Mononuclear, large cells, 12°8 per cent.—Large lymphocytes, 11°2 per cent. 


Large mononuclears, Perper scent. 
I00°O Transitionals = G's per cent: 


Two thousand five hundred cells from six slides were counted. Both 


Eurticnu’s tri-acid and RomMANowskKyY’s stains were used. 


Discussion oF Native Cases 


Taken as a whole a consideration of the native cases reveals no marked 


constant characteristic. 
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Enlargement of the spleen was observed in the younger cases. But 
this is without significance since that organ is enlarged in nearly all Gambian 
native children. 

Enlargement of lymphatic glands is also by no means unusual in native 


children. 
The history of possible loss of weight and strength with fever was 


given in four cases; definitely in only two. 

The remaining cases believed themselves to be perfectly healthy. Two 
boasted of their extraordinary vigour, and neither of the adult males were 
impotent. In appraising the value of the past history of these cases, we must 
remember that a native does not reckon time or observe himself so accurately 
as does a European. In addition, he will very often say what he imagines 
will please his questioner. Even if his story of past fevers and loss of weight, 
during the rainy season, is correct, it must not be forgotten that there are 
many other diseases which produce like symptoms. 

We must, therefore, rely altogether on our objective examination, and 
this, unfortunately, was necessarily curtailed because travelling made it impossible 
to keep each case under observation for any length of time. 

Taking all our facts into consideration, we believe the disease, as it 


occurs in natives, to be a peculiarly mild one, and that it is at present - 


impossible to recognize it clinically. 

The accelerated pulse and respiration rate, slight rise of temperature and past 
history of fever occurred not unfrequently amongst many of those in whom no 
trypanosomes were found.* 

The abnormal results of the blood counts must not be assumed to be specific. 
An enormous percentage of these natives were infected, in varying degree, with 
filariae, and all may be assumed to have had intestinal parasites. The quantitative 
estimation of blood cells and haemoglobin shows a constant diminution of these 
elements as judged by the European standard. What the normal for an African may 
be we have no means of determining. 

The differential leucocyte counts show a constant increase of eosinophiles, mast 
cells, and mononuclear elements. The proportional increase being greatest in the 
cases of the eosinophiles and mononuclear large cells. 

In slides coloured by the previously mentioned modification of RomaNnowsky’s 
stain many of the mononuclear cells were seen to contain deep, rich lake-coloured 
granules. The number of granules present in each cell ringed from, perhaps, twenty 
to eight or ten or even less. Their size and shape varied as much as their number. 
They varied from regular oblongs, as long as eosinophile granules, to mere points of 


colour. A small unstained area was often seen to partially surround these granules. 


* A series of pulse rates taken at random from apparently healthy children, in whom no trypanosomes were found, 
showed that an increased pulse rate, ninety to one hundred, was not at all uncommon. 
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The granules occurred cn an average in thirty to fifty pen cent or che large 


mononuclear. 


5 . - 5 two to seven. per cent. of the small 
lymphocytes. 

aK * » eight to twelve per cent. of the large 
lymphocytes. 


In specimens stained by Enriicu’s or Romanowsky’s methods and fixed by 
any of the three previously mentioned methods, circular, refractile, non-staining, 
and sharply circumscribed areas were not infrequently seen in both the cytoplasm 
and nucleus of the leucocytes. 

Their most usual situation was, however, in the cytoplasm close to the 
nucleus. They varied in diameter greatly, being usually about o-5 to 1°O m in 
width. They occurred in about two per cent. of all leucocytes, but were, however, 
more numerous in the mononuclear elements. 

The slight virulence of this trypanosome and the consequent lack of symptoms 
has frequently suggested to us the possibility that the natives in this disease may bear 
the same relation to the European as does the wild game of Central Africa to 
domestic animals in the tsetse fly disease. 

We have had no opportunity of investigating the course of the disease—if 
we can call it a disease—in the native, but the ages of those infected indicate that 
there can be no absolute acquired immunity. It would be rather curious if the 
woman at Lammin or the man at Kuntur had only recently become infected for the 
first time after having been exposed to infection from childhood. We think that the 
varying ages of the various cases is another point in favour of our belief that the 
parasite frequently occurs in the natives, but appears in a periodic manner in their 
peripheral circulation. 
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Il. EQUINE TRYPANOSOMIASIS 


The first trypanosome which we found while in the Gambia was in the blood 
of a horse, and this is the only animal in which we have seen a certainly pathogenic 
trypanosome. 

Out of thirty-six horses examined, ten were found to be infected. The 
parasites derived from three of these animals have been, and are still being, studied. 
They, as far as we can see, are all of the same variety, and do not correspond in 
every respect with any of the described trypanosomata, although in a general way 
they resemble those species already described as pathogenic to horses. 

Pending a further study of their properties, we shall describe them as one 


species, under the style of ‘ The Gambian Horse Trypanosome.’ 


DistTRIBUTION AND PREVALENCE 


One of our first cares in the Gambia was to obtain data showing the amount 
of live stock of all sorts in the country, and to learn in exactly what localities the 
various animals throve or not. 

To aid us to this end, Sir Georce Denton, K.C.M.G., the governor of the 
Gambia, very kindly sent out a circular letter, containing questions on the subject, 
to all the District Commissioners. 

From the information thus acquired, together with that obtained from traders 
and natives and supplemented by our own observations, we have drawn the following 
conclusions :— 

1. Equine trypanosomiasis in the Gambia is a very chronic disease. 

2. It occurs throughout the colony, and is possibly more prevalent 
near the river, especially during the rainy season. 

3. Cattle and other domestic animals are not known to suffer from 


the disease. 


The total number of horses in the Gambia is not large, probably not 
more than 1,000 altogether. In some districts there are very few, in others there 
are absolutely no horses nor, indeed, cattle. The natives explain this by their 
poverty, saying that they cannot afford to buy horses and cows. Others, again, 
are fishermen or pagan agriculturists and carriers, e.g., the Jolahs ; and do not keep 
live stock other than goats, which thrive everywhere. ‘There are more horses on the 


northern bank of the Gambia, particularly of the upper river than on the southern, 
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The latter is said to be more unhealthy for horses than the district to the north ot 
the river. In Fogni and Kommbo there are very few horses. 

We believe that the scarcity of horses in these two iatter districts is due to 
trypanosomiasis of such a chronic course that the natives do not recognize that their 
horses are ill. They say that horses usually die by becoming gradually thin and 
weak, though eating heartily, until they die through sheer inanition. ‘This is pre- 
cisely the course ot horse trypanosomiasis as we have seen it. 

If the disease were more acute it would be recognized, for the natives are not 


altogether unobservant. They recognize various types of disease in their animals, 


and consequently practice rude veterinary medicine. 

They describe two horse sicknesses (we have seen neither), characterized the 
one by ‘swollen stomachs and legs and, rarely, by loss of hair from the neck,’ and 
the other by ‘ pain in the head, running from the eyes and nostrils, and lack of appe- 
tite.’ The latter is called ‘ Jukundo,’ and about fifteen to twenty years ago it caused 
an epidemic, during which a very large number of horses died. 

Herdsmen recognize diseases among their herds ; in one instance a Fulah 
cattle owner asserted that it was Jolofin Jolo (Glossina palpalis) which killed his cattle. 
The native is far from blind to the well-being of his stock, and the chronicity of the 
horse disease will be still better appreciated when it is remembered that he fails to 
recognize it. 


A large number of horses, 


perhaps three hundred or more, are yearly 
imported into the Gambia from towns in French territory. They come from all parts 
of Senegal, principally from Galum, Fotatora, and Niani. We have been told that 


I 


many of them die within a year after reaching English territory, particularly if they 
have not been sent away from the river’s bank for the rains, as is the usual native 
custom. During the wet season all horses, donkeys, and cattle are sent to higher 
ground several miles distant from the river. Whether this is done altogether with 


the idea of removing the animals from an unhealthy neighbourhood or partially to 


8 8 

obtain better grazing we cannot say. Certain it is that during the rains many natives 
absolutely refuse to bring their live stock to the river. The tall red Soudan sheep 
will not live on the river, and invariably die within three or four months. Sheep 
brought to the river are, for this reason, always slaughtered at once. While in the 


oats, cattle, dogs, 


Gambia we examined the blood of many domestic animals, g 


g 
donkeys, and sheep for trypanosomes, but always with negative results. 

The number of horses which were examined was very small. It was often 
much easier to persuade a native to give a drop of his own blood than to allow his 
animals to be pricked. In addition, there are never more than two or three horses 
ina village. We did not travel a great deal, and so saw comparatively few horses. 

The following table shows the number of horses examined and the number 


found to be infected in each locality :— 
E 


Tas_e SHowinc FReEQuENCY wiITH wuHicH Native Horses are INFECTED WITH 


a 
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Horse TRyPANOSOME IN THE COLONY OF THE GAMBIA 


Oris of Howse ee 
Owned by natives, Bakau and Cape St. Mary District - | 6 5 1, Ls 1iten WWany, 
Officers of West African Frontier Force, Bathurst _| 4 2 Vile x 
Governor Denton, Bathurst — - - - - = 3 H | x 
At Maka, French ‘Territory, French Commandant, 
Monsieur H. Porthes- — - - - - - 8 | 2 Vil, Vill 
Sallikene = = = = : = - =a I fo) 
Sakuta, Kommbo - = 2 2 = = : 2 fo) 
Lammin = = = 2 = = = = | 2 | o) 
3irkama, Kommbo - = = = = = 4 | fe) | 
Vintang - - - - - - - =a 3 | fe) 
Bathurst Trading Co., Bathurst - - - = | 2 fe) 
McCarthy Island - = = = 2 = =) I fe) 
som, ae 


The total number examined is again too small to permit of a final conclusion as” 


to the prevalence of horse trypanosomiasis in the Gambia. That a large percentage 
of horses are affected there is, we believe, no doubt. We were frequently told by 


Europeans of horses which died (while in the Gambia) with symptoms of disease.* 


A glance at the names of the towns in which infected animals were found shews 


that, like human trypanosomiasis, the disease extends from the sea coast to the end of 


British territory. Judging from the scarcity of horses in the Kommbo district, and | 
the larger percentage infected, one would imagine that it is there that the disease is 


most common. Nevertheless it seems improbable that it obtains in Bathurst | 


itself. f 


* Mr. A. K. Withers, a Travelling Commissioner, described to us a disease of which three horses out of twenty, owned 


at. Quinela, had died during the month of December, 1902. His description very strongly suggests that these animals were | 


suffering from trypanosomiasis. 


+ One of the two horses examined at the Bathurst Trading Company, coming originaily from Barra Point, had lived for | 


over twenty years at Bathurst, and had always been, and still is, in excellent condition. During all this time it had never been 
further away from Bathurst than Cape St. Mary. Bathurst is believed locally to be not unhealthy for horses. 


We were also told while in Senegal, both by Government officials and traders, that in the Soudan, at Koli-chor and in 


the neighbourhood of Kaolakh, horses died from a disease producing symptoms closely resembling those observed in cases of | 


equine trypanosomiasis in the Gambia. 


While at St. Louis and Dakar we examined, with negative results, the blood of a few horses, mules, cattle, and camels | 


which were not in the best of condition, and had been in districts where this disease was said to occur. 
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TRYPANOSOMIASIS EXPEDITION TO SENEGAMBIA ay 


Cases OF EQuINE TRYPANOSOMIASIS OBSERVED IN THE GAMBIA. 


Case I.—Stallion, age about seven years, in charge of a native at Cape St. Mary. 

History—The origin of the horse was unknown. It had been in British 
Kommbo for about six months, and, according to the native who was in charge, it had 
been in the state in which we found it for only twenty days. 

Clinical Examination.—When we first saw this horse it was im extremis, and it 
died six days later. We found a small dark-grey native stallion greatly emaciated and 
exhausted. He lay upon his side in the sun entirely apathetic to his surroundings. 
His skin was drenched with sweat and his breathing laboured and extremely frequent. 
Weakness was extreme, and it was not until after several attempts that the horse was 
able to stand. The loins and hind legs seemed weakest, it was their lack of strength 
which made the animal unable to rise. When at last the animal gained his feet he 
stood with legs apart and drooping head, a picture of utter weakness and inanition. 

He was far too weak to protect himself from the swarms of flies hovering 
about him, and, as a consequence, his sheath and hide were dotted with ‘ bot fly’ larvae 
holes. If the animal were forced to move, the hindquarters once more seemed to be 
weakest, they were not paralyzed but only paretic. We observed no oedemata, 
haemorrhages, or copious discharges from eyes or nostrils. Though the horse was 
ungroomed there was no ‘ staring’ of the coat or loss of hair. The scrotum and sheath 
were relaxed. Mucous membranes and conjunctivae were anaemic, the latter were 
yellowish and showed no haemorrhages. The appetite was good and the animal fed 
and drank freely. It became progressively weaker, its temperature dropped, and it 
died on October 17 with markedly spasmodic movements almost amounting to con- 
vulsions. The temperature varied ; it was usually about 103° F. 

Blood.—The blood counts made showed a progressive diminution in the 
number of red cells, with a corresponding increase in white cells. A count made 
twenty-four hours before death gave only 1,910,000 red cells and 40,000 white cells. 
The number of parasites in this horse’s blood three days before death was large, 2,900 
per cubic mm,, a day before death their numbers decreased to two parasites to a 
coverslip preparation. 

The accompanying chart shows the temperature curve of this case during 
the short time it was under observation, and demonstrates in a striking manner an 
attack of fever associated with an increase in the number of parasites present in the 


peripheral circulation. 

Autopsy.—Performed immediately. ‘The coat was not staring. ‘The mucous membranes were 
anaemic and rather yellow. On section, a yellowish gelatinous oedema of the subcutaneous connective 
tissue over the abdomen, particularly near the genitals and forehead, was noticed. It was not present on 
the legs or thorax. It must be remembered that this oedema was sharply localized to the areas mentioned. 
It was not at all general and was not distinguishable ante-mortem. The muscles were rather firm, dark 
in colour, and not oedematous or cloudy. On opening the abdomen, the fat throughout was of a marked 


canary-yellow colour. ‘The intestines were seen to be full of faeces. ‘There was no peritonitis nor 
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peritoneal fluid. The unwounded intestines were thrown free of the body, and among their free coils, 
as well as in the peritoneal cavity, several free adult male and female filariae were found. (These were 
preserved for examination). 

Thovrax.— Vhere was no pleurisy nor increase in pleural fluid. About two hundred c.c. of clear amber- 
coloured, quickly coagulating fluid was found in the pericardium. There were no signs of pericarditis. 

Heart.—Weight, 1,360 gm. ‘The connective tissue round the great vessels at the base of the heart 
was much infiltrated with a yellowish, quickly coagulating fluid, similar to that seen in the subcutaneous 
tissues : right side collapsed ; left, full of blood. Valves, normal. Muscle, firm and rather dark ; no 
ante-mortem clots. “The organ contained no filariae. 

The aorta was normal and contained no filariae. 

An aneurism about the size of a walnut was situated on the superior mesenteric artery, 3°75 cm. 
from its origin. On being opened it was found to contain numerous sclerostomata. The walls of the 
aneurism were in many places partially broken down. ‘Their thickness was about 1°9 cm. 

Right Lung —Weight, 810 gm., was dark throughout and contained many small pneumonic areas ; 
it was everywhere congested. "There was slight bronchitis. Vessels contained no clots. 

Left Lung.—Weight, 1,113 gm. “The colour of the lung was almost a canary yellow. It had not 
the appearance of acute degeneration. ‘There was no pneumonia. 

Abdomen.—Vhere were no signs of peritonitis, neither were there petechiae, subperitoneal or 
mucosal. 

Intestines—TVhe contents of the upper three-fourths of the canal were much bile stained. The 
large gut was filled with hard faeces. No intestinal parasites were seen. 

Right Kidney.—Weight, 607 gm. Its colour was dark, but there were no haemorrhages. It was 
firm in consistency, and the capsule peeled with ease. Section shewed nothing abnormal. 

Left Kidney.—Weight, 405 gm. Same appearance as right. 

Suorarenals.—Seemed to be normal ; there were no haemorrhages. 

Spleen.—Weight, 810 gm. The substance was very dark and rather diffuent. ‘lhe capsule slightly 
thickened, and the trabeculae well marked. ‘They were particularly well seen after washing away the semi- 
fluid pulp. No infarcts. 

Liver.—Weight, 3,645 gm. Everywhere over the capsule small, hard, yellowish nodules of about 
the size of a millet seed were seen. ‘These were seen also throughout the substance of the liver ; they 
seemed not to be calcareous, yet were too firm to be crushed between the thumb nails. ‘The vessels were 
normal. 

Pancreas— Weight, 405 gm. ; normal. 

Lymphatic system.—Many of the mesenteric glands were enlarged to the size of a large walnut or 
pigeon’s egg. “These were seen on section to be soft, almost fluid in places, and yellow. They exuded 
a watery liquid strongly resembling the yellow fluid which has been described as infiltrating the connective 
tissues round the great vessels at the heart’s base and the abdominal subcutaneous tissues. Other mes- 
enteric glands were only slightly enlarged, many of them contained small haemorrhagic areas, principally 
in the cortex. Some of the pelvic glands were very dark in colour and uniformally haemorrhagic. Many 
small, markedly haemorrhagic glands were seen in the mesentery. On the left side, beneath the parietal 
peritoneum, was a large, dilated, turgid, lymphatic vessel, about 63 mm. in diameter. It was filled 
with pale yellow, easily coagulable fluid. It contained no adult filariae. 

Brain and its membranes, particularly the pia mater, were congested. 

Bone Maviow.—The marrow of the long bones was yellow in colour and apparently normal. 

Coverslip preparations were made and examined from all the organs and 
from blood taken from different parts of the body. They were also made from the 


oedema fluid taken from the connective tissues, from the pericardial fluid, and from the 
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dilated abdominal lymphatics and glands. In none of them were any living trypano- 
somes found. Neither were parasites seen in the diluted vena cava blood which was 
used for injecting animals (successfully). Several c.c. of this diluted blood were 
centrifuged and examined, with negative results, for living trypanosomes. 

Cases 1 and W11.-—Were both young stallions owned by natives of Bakau. 


The previous history of neither was known. One had been in the village 
for only a year, the other longer. When seen, both were very thin, and one had 
a slight whitish discharge from the eyes. Temperature of each about 101° F. The 
blood of both horses contained trypanosomes (five to cover) similar in appearance 
to those seen in the remaining cases. The horse which had been in Bakau for only 
a year was said to have commenced to grow thin and weak in August, 1902. No 
oedemata, haemorrhages, discharges, nor marked paresis were seen in either of 
these horses. Mucous membranes were anaemic. Coats were glossy and not staring. 
One of these horses was living in May, 1903, the other died during December, 1902. 

Case 1V.—A stallion, two years old, owned by a native at Bakau. 

History.—The horse was born in Bakau. — Illness commenced a month pre- 
vious to our examination on October 15. It had always previously been healthy. 


The mother of this colt had died of an illness which presented similar symptoms. 


Ciinical Examination.—The animal was very thin, ribs, ilia, and vertebrae 
being very prominent. There were no signs of oedema, nor of discharges from eyes 
or nostrils, of haemorrhages nor of paresis. The coat was glossy and smooth. 

Temperature was 101.6° F. 

A blood examination showed four trypanosomes to a coverslip preparation. 

The emaciation continued, became extreme, and the horse died during the 
night of November 4. There was no autopsy. 

Case V.—A young two-year-old stallion, bought from a native trader at 
Jesshuon (near Bakau), where the horse was born. It was first seen on October 19, 
1902, when it was found to be infected with trypanosomes, two toa coverslip 
preparation. Temperature at this time was 103°4° F. 

Clinical History —The colt was small, and when first examined was in fairly 
good condition. Although thin, it was not emaciated, and was constantly ridden 
by its owner. Its appetite was excellent, but, in spite of a good supply of food, it 
became steadily thinner, and commenced to breathe rapidly and in a laboured manner 


even while at rest. Its coat was rough, 


On November 28 it had become considerably thinner, and a scanty whitish 
mucoid discharge was noticed from eyes and nostrils. Emaciation and weakness 
progressed, and on December 18 the animal died suddenly. Towards the end of the 
disease, loss of power became a prominent symptom. The hind legs, particularly, 


were noticed to drag and to be weak. 
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The parasites in this case were never very numerous and were constantly | 
absent for three weeks before death. The temperature was usually between 1019 
and 103° F. On two occasions, however, there were sudden rises to 106° F, 
Quantitative blood examination shewed a marked decrease of haemoglobin, on 
Nov. 27, thirty per cent., and a slighter decrease of erythrocytes; red cells, 4,700,000 ; | 


white cells, 19,000 ; parasites, fairly numerous. 


5 a 6 - d | 
No oedemata nor yellowish tint of the anaemic conjunctivae and mucous’ 


membranes were ever noticed in this case. 


Autopsy —TVhis animal died on December 8, 1g02, and the fost-mortem examination was. 
commenced fifteen minutes after death. Rigor mortis had not set in. Body was much emaciated. | 
Marked congestion of the conjunctivae and a few haemorrhagic points on the membrana nictitans anil 
sclerotic. Mucous membranes, particularly of the gums, anaemic and of a slightly yellowish tinge. On ) 
section no yellowish oedema of the abdominal subcutaneous tissue, although there was some slight infil- | 
tration of a gelatinous straw-coloured fluid about the sheath of the rectus abdominis and about the ! 
penis. About 600 c.c. of straw-coloured liquid was taken from the peritoneal cavity. The lymphatic - 
glands of the mesentery were boggy and permeated with a yellowish gelatinous, easily coagulable’| 
fluid, which oozed rapidly from them on section. 

Spleen.— Weight, 506 gm. Slight thickness of the capsule together with an injection of its | 
superficial vessels. On section the organ was dark in colour and slightly fibroid. 

Right Kidney.—Weight, 354 gm. Normal. 

Left Kidney. —-Weight, 304 gm. Rather congested, otherwise normal ; capsule of both peeled 
with ease. | 

Pancreas.—Weight, 202 gm. Normal. | 

Peritoneum.—Normal. 

Thorax :—Pleurae.—Each contained about 100 cc. of clear straw-coloured fluid, in which were | 
floating small coagula of lymph, here and there attached to the parietes, particularly towards the | 
diaphragm ; no pleuritis. The pericardium contained about 55 c.c. of similar fluid ; no pericarditis. | 
The bronchial glands were soft, oedematous, and soaked with the clear yellow fluid so often mentioned. 
Some of these glands were injected and others quite pale. 

Right Lung.—Weight, 709 gm. The superficial vessels were congested. 

Left Lung —Weight, 607 gm. | 

Heart—Weight, 1,113 gm. As in the first case, the connective tissue round its base was filled | 
with yellow coagulated oedema fluid. The muscle was very pale and friable and somewhat mottled. All | 
the valves were normal. 

The aorta was normal. On the superior mesenteric artery there was an aneurism caused by 
sclerostoma similar to that seen in Case I. 


The alimentary canel was normal; the intestines were not congested. A few bot-fly larvae were 


> 
found in the stomach and also in the duodenum. ‘The enlargement of the abdominal glands wa. not as 
marked as in Case I. 


The marrow in all the bones, both long and short, was normal in appearance. 


Films were made from all the organs. No parasites were seen in fresh 


| 


preparations of blood taken from all the organs. 


The accompanying chart of the morning and evening temperatures shows a 


| 
tairly even temperature with rises at irregular intervals. | 


Horse, Case VI, 4pri/, 1903 
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Case VI.—Small black stailion ; age eight years. Owned by an officer of the 
West African Frontier Force. 

History.—This horse has been in Bathurst for four years, and during this time 
has always been well. Of its previous history nothing was known. At the beginning 
of October, 1902, he was taken into foreign Kommbo, and on his return to Bathurst 
he had an attack of ‘rheumatism’ affecting his hind-quarters. 

Clinical Examination—He was examined on October 30, 1902, and found 
to be infected with trypanosomes. At this time he was sleek and in excellent condition. 
His owner stated, however, that the pony was not as vivacious as before the journey 
through Kommbo, and was not so hardy as he had been a year previously. 

To one seeing the pony for the first time there was absolutely nothing to 
suggest ill-health. There were no oedemata, no listlessness, and no emaciation. There 
was no perceptible dragging of the hind legs or slackness in gait. The temperature 
varied, being usually about 102° F. Parasites were only periodically seen in the 
peripheral blood. 

We have never observed any oedemata, haemorrhages, or paralysis inthis horse. 
We have seen slight discharges from his eyes, but this was probably due to an inter- 
current conjunctivitis. The genitals were relaxed, as is often the case, and conveyed 
the idea of enlargement without being really swollen. 

Parasites were never very numerous in the blood of this horse and appeared 
periodically. 

We purchased the animal towards the end of December, 1902, and have had 
it continuously under observation until the present date. The animal is still in 
apparently fair condition, and looks better than in March last when it was very thin 
and weak. 

The temperature has been usually from 100° to 102° F., with periodic rises to 
103° F., when parasites were often seen. The following chart gives the tempera- 
ture curve of this case, and shows how frequently parasites were absent from the 
peripheral blood. 


Urine was alkaline, Sp. gr., 1,042, and never contained albumen or blood. 
April 6. 

Case VII.—Stallion, Joubert, aged eleven years, owned by French Government. 
Stationed at Maka. 

History.*—This horse came two years previously from Thies. It had not 
been well for a year. ‘Its feet, legs, and sheath had first become swollen.’ This 


had been later followed by a fulness of the loins and by a general enlargement of 


. 
2 
the horse’s belly. 

When we saw this and the following case they were both apparently in excellent 


condition. We could detect no oedema, though the usual relaxation and apparent 


* The histories of Cases VII and VILI, with the account of their illnesses was given to us by Monsieur Porthes. We 
take this opportunity of again thanking him for the aid which he gave us in our work. 
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enlargement of genitals was present. Their coats were smooth and glossy. There 
was no running from eyes or nostrils. Mucous membranes were rather pale. The 
appetite in each case was good. Their abdomens were rather distended. These 
animals were not grass fed. Temperature of Case VII, 100° to 101° F. Number of 
parasites, one to a coverslip preparation. 

Case VIII.—Stallion, Jourdan, eight years old: it came two years previously 
from Thies. 

History.—This horse was taken ill at the same time as Case VII. The symptoms 
were the same in both cases. The animal had not been worked for some time when 
we saw it, and was in much better condition than Case VII. 

The clinical examination has already been given. ‘Temperature was 101° to 
10i°s° F. Trypanosomes were very scanty, one to a coverslip preparation, and were 
seen on but one occasion. 

M. Porrues recognized the illness from which these two horses were suffering. 
He believed that they acquired it while in Tenda, where forage is poor and water 
is scanty. He ascribed the first symptoms which he noticed, weakness and swelling 
of the cannons, to the poor food, and hard usage over stony ground which horses get 
while travelling in that district. He had seen other horses suffering from a similar 
affection, and described in them a fulness of theloins which alternated with distension 
of the abdomen and swelling of the sheath and scrotum. He described an accompany- 
ing anorexia, and stated that the course of the illness may vary, death following after 
a week or two to several months. Sometimes, indeed, animals may recover. He has 
never observed running from eyes or nose, haemorrhages from any part, or marked 
oedema in any of these cases. He had seen staring of the coat in some cases, never 
depilation. He had never seen the disease in an epidemic form. 

Case 1X.—A grey stallion, five years old. 

The origin of the horse was not known. It had been owned for fifteen 
months by the officer who had it when we first sawit. Two years and a half previous 
to this time the horse became extremely emaciated and weak. It was expected to die, 
but recovered its strength after a prolonged rest. In July, 1902, it had lampus badly 
and became very thin. When the mouth was cured and the animal once more com- 
menced to eat heartily, it rapidly regained the weight lost through lack of food. In 
January, 1903, the horse was taken on a tour through the country on the north bank 
of the Upper River, and, although it had lots of hard work, returned to the Lower 
River in apparently excellent health. 

Clinical History —When the animal was seen in April, 1903, its owner stated 
that a month and a half previously he had noticed that it was rather ‘ slack * and 
«coughed’ at night.” It had since lost flesh, ‘ particularly about the chest,’ and the 
abdomen had become ‘bigger.’ The horse stood with hanging head, in the same 


(ale) 
The scrotum and penis were 


n 


listless way as was noticed in the preceding case 
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relaxed and apparently swollen, though neither about the genitals nor in any other 
part of the body could oedema be demonstrated. The temperature varied from 
101°6° to 104:2° F. Trypanosomes were seen in the blood on two occasions during 
the two days the pony was under observation. 

Case X.—A bay stallion belonging to the Governor of the Gambia. This was 
also a very early case. For only a few weeks had it been noticed that he was not as 
lively as usual. Parasites were demonstrated in his blood on two occasions. ‘The 
symptoms were precisely those noted in the early stages of the preceding cases, 
save that there was very little loss of flesh. Temperature varied from 100° to 102” F. 
during the short time the animal was under observation. This case is the only one 
of this series in which treatment has been attempted. Liquor arsenicalis was used 
in gradually increasing doses until the horse was getting five grains of arsenic a day. 
The dose was kept at this for a week and then reduced. Sir Georce Denron, in a 
letter dated June 23, says that the horse is ‘decidedly better.’ 

With the aid of these cases we can construct a well-connected though com- 
posite picture of what we believe to be the usual course of the horse disease in Gambia 
and the immediately adjacent territories. Three of these cases were seen in the 
earliest stages of the disease, two during their last weeks, and the remainder at various 
periods during the course of their illness. | One case we have had under continual 
observation since it was first noticed to be ‘off colour,’ and within a month of the 
date at which it was supposed to have been exposed to infection. 

Sketch of Sympioms.—The first feature noticed is loss of accustomed vigour. 
There is not quite the same vivacity in harness nor usual power of much endurance. 
Still, the animal is apparently in perfect condition. He is fat and his coat is smooth. 
The temperature is only slightly above normal at this time (102°6° F,), and if the blood 
be examined but few parasites will be seen, perhaps as many as ten to a cover, often not 
somany. Even these may, for long periods together, be absent from the peripheral 
blood. 

Two or three weeks later more marked signs of ill-health become manifest. 
The horse has commenced to grow thinner, his head is drooping, his eye is not so 
bright, and although he is well able to go under saddle, still the rider 1s conscious of 
the animal’s weakness, which has now become patent. 

At this period there are periodical rises of temperature, at which times the 
parasites will usually be found in the blood, although they may often be absent. 

In another month emaciation 1s more marked. The ribs commence to shew. 
As a Frontier Force Officer pithily expressed it, ‘ the flesh seems to slip back from the 
horse’s chest to his belly.” Although the abdomen becomes large it is not in any sense 
due to an oedema. We never observed pitting, and believe that the apparent enlarge- 
ment 1s due rather to the atonicity which affects the muscles of the bowel in common 


with those of the trunk. The scrotum becomes relaxed and the testicles han 
. 


g so 


34 THOMPSON YATES AND JOHNSTON LABORATORIES REPORT 


low that they seem at first sight to be oedematous. At times a slight watery dis- 
charge from the eyes may be observed. In none of the horses have we observed 
the marked oedema of abdomen, scrotum, and legs, nor the staring of the coat which 
is described in horses suffering from Nagana. 

This last stage has lasted in one of our horses (Case VI) for ten months, and 
during this time on only four occasions have parasites been seen in his blood. On 
each occasion their presence was accompanied by a slight rise in temperature to 103° F., 
or thereabouts. 

As the disease proceeds, emaciation becomes more and more marked. The 
ribs and ila stand out prominently, The animal wears an apathetic chronically- 
tired expression which is most characteristic. No oedema is to be made out. A 
whitish discharge from the eyes, in small quantities, is often seen, Saddle galls and 
sores on the projecting hip bones are often present. No haemorrhage has been observed 
in any of the mucous membranes, No blood has been seen in the urine, 

The parasites are now often almost continuously present in the blood and may 
reach very considerable numbers. Case V, however, presents a most notable contra- 
diction to this generalization. 

The temperature fluctuates, though it is generally raised, and may go up as 
high as ros? F. 

Two horses have died under observation, One lingered for three days, 
scarcely able to rise from the ground, in a state of utter weakness, His breathing 
was very laboured, he sweated almostly continuously, and just before death had a 
slight convulsive seizure (Case I), 

The second animal died suddenly one day after being taken out a little distance 
to graze. In this animal a few conjunctival petechial haemorrhages were seen (Case V). 

The most notable features observed in the autopsies of these two animals were 
the yellow gelatinous oedema fluid found round the sheath, and in the first case, on 
the abdomen, and the amber-coloured fluid with flakes of yellow gelatinous lymph seen 
in the peritoneum and in the pericardial and pleural cavities, There was a general 
enlargement of all lymphatic glands. Some were soft, amber-coloured, and watery, 
others had a chocolate-coloured centre, and still others shewed marked petechial 
haemorrhages ; some were entirely haemorrhagic. Spleen was not enlarged. Lungs 
were congested. Liver shewed fatty change. In one case the heart shewed marked 
fatty degeneration (thrush heart). To the naked eye there was no change in the 
bone marrow. 

Only in the very last stages of the disease does any marked alteration in the 
blood seem to take place, then both red cells and haemoglobin are diminished, 

Duration of Disease —How long the disease lasts we cannot at all say. We 
have now (November, 1903) under observation, a horse (Case VI) which we bought 
in November, 1902, in good condition (first stage). We believe that it contracted 


the disease at least a month before. 
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Just before leaving Bathurst we heard that a year-old colt examined and found 
to be infected in October last, was still alive. On the other hand, a similar young 
horse (Case V) in much the same condition, which was seen at the same time, died 
two months later. 

Prognosis. —We think from what we have seen that it is not impossible that 
horses may occasionally recover, 

The Diagnosis of Horse Trypanosomiasis—Although a positive diagnosis of 
trypanosomiasis can only be made by a demonstration of the parasite, either by 
microscopical examination of suspected blood or by inoculation of that blood into experi- 
mental animals, we were in several cases enabled to diagnose the disease by the listless 
expression of the affected animal, and by the slight rise in temperature, which was 
always present. So constant is this latter symptom, that we came to regard with the 
greatest suspicion as a possible case of trypanosomiasis any horse whose temperature 


= 


was over 101° F 
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IV. MORPHOLOGICAL CHARACTERISTICS OF “THE HUMAN AND 
HORSE TRYPANOSOME FOUND IN THE GAMBIA 


We propose to give here short descriptions of the microscopical appearances 
of the human and horse trypanosomes as they are seen in the peripheral blood of 
their respective hosts and in experimentally infected tame rats. 

We reserve a more detailed account of these parasites and a description of 
their appearances in various other animals inoculated for a future report. 

The description of the morphological characteristics of a pathogenic trypano- 
some presents at the outset great difficulties; so varied are the forms seen, so minute 
are the differences distinguishing one form from another, and so many are the 
intermediate stages between two contrasted forms in any infected animal, that it 
requires some time and study before the characteristic adult form of parasite can be 
finally determined. 

Though we could detect no constant morphological differences between the 
human and the horse parasite—more especially was this the case in inoculated 
animals—still the parasites usually seen in the blood of horses, examined in the early 
stage of their infection, presented marked differences in size and appearance from 
the parasite usually seen in the blood of the infected natives. 

The Human Trypanosome.—Plate 1, fig. 1, represents this parasite as usually 
seen in the native. 


In stained preparationsits length, including the flagellum, averages 20u. [ts width 


2 
is 1°8 w to 2 «. The distance from micronucleus to the centre of the macronucleus is 
5:9 wu. The distance from the micronucleus to the tip of the posterior end of the body 
was found to vary, as a rule it measured 1°6 yw, but parasites were often seen in which 
this distance was only o-s p. 

This trypanosome, as seen in the native and quadroon cases, presented no 
features morphologically differentiating it from the one described by one of us in 1901, 
as occuring in the blood of a European and a native child in Gambia, and named 
T. gambiense. 

The Horse Trypanosome.—The parasite seen in Senegambian horses was never 
encountered in any great numbers in the peripheral blood during the early stages of 
the infection. The blood of one horse, Case V, in which the disease proved fatal, 
never contained many parasites. 

Plate I, fig. 6, represents the trypanosome as seen in the early stages of 


infection of the horse. The parasite is a very small organism, rather tadpole-shaped. 


. 
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Its protoplasm stains deeply. Its posterior end is either sharply cut away or bluntly 
conical, ‘The body tapers from the posterior end as a rule, and is prolonged anteriorly 
into a short fine flagellum. 

The micronucleus and vacuole are placed almost at the extreme posterior end 
of the parasite, the former is a small dark crimson staining spot generally situated to 
one side, the latter varies much in size in different specimens. The macronucleus is 
generally rounded, granular, and does not quite extend across the short axis of the 
body. The blue staining body-protoplasm of some specimens contains a few isolated 
chromatic granules. The undulating membrane is narrow and is seen with difficulty 
in stained preparations. 

The measurement of this type of parasite in stained preparations is as 
follows :— 

Length, including flagellum, 11 # to 13m. Width, 0-8 # to 1. Distance 
from micronucleus to centre of macronucleus, 4“ to6 «. Distance from micronucleus 
to posterior end of body, 0-3 « to 0-5 w. Divisional forms of this small parasite are 
mepresented in Mlate 1, tig. 3. 

In horses in the last stage of the disease and in rats inoculated with either 
the human or horse trypanosome, we were generally able to distinguish roughly two 
constant types of parasite. These types we called for convenience the ‘long form’ 
and the ‘stumpy form’ of the parasite. 

A.—The long form (Plate I, figs. 9 and 10) is characterised by a long thin 
body and a long flagellum. The posterior end of the parasite may be long (pointed 
or square shaped) or stumpy and conical. The deeply staining macronucleus is ovoid 
in shape and lies longitudinally, It is this type of parasite that multiplies by longi- 
tudinal division, The length of such a parasite, including the flagellum, is from 
26 w to 30 «3; width, 1°6 «to 2 mw. Distance from micronucleus to centre of macro- 
nucleus, 7 « to 8 w. Distance from micronucleus to posterior end of body, 1°6 « to 
G2 i. 

This type can be recognized in fresh blood by its rapid movements and long 
flagellum, and is usually most numerous in the blood of an infected animal a few days 
before its death. 

B,—The Stumpy form (Plate I, Fig. 7). 

This type of parasite is more commonly seen in the blood when the disease 
in an infected animal is not far advanced. It is characterized by a short thick body 
and very short flagellum. The posterior end is short and conical, and generally quite 
close to the tip is situated the micronucleus and vacuole, the latter as a rule is well 
marked, 

The macronucleus is either oval or circular in shape. If it is ovoid it is placed 
transversely in the body of the parasite. A few scattered chromatic granules may be 


seen in some specimens, 
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Longitudinal division of this type of parasite has not been observed. 

Measurements in stained preparations : length varies from 16 mw to 19 #3 
width from 3°4 “ to 3°5 m. Distance from micronucleus to centre of macro- 
nucleus, 5 « to 7 w. This type of parasite generally survives for a longer time in 
ordinary fresh preparations than the long form, 

Though the above broadly divided types of parasite can be distinguished at a 
glance in stained preparations, yet in slides containing many trypanosomes one observes 
every gradation between the stumpy and the long forms, and between the stumpy type 
and a rounded form (Plate I, Fig. 5), which we have seen in the blood of horses and 
rats in the last stages of the disease, produced by infection with either the human or 
horse parasite. 

The Human Parasite in Rats—The parasite when first seen in the peripheral 
blood varies little in appearance from the usual type of parasite seen in the native, and, 
as in the native, few are seen in a preparation. Long and stumpy forms and longitudi- 
nally dividing parasites (Plate I, Fig. 3) are occasionally met with. 

The long forms are generally slightly smaller than those seen in rats infected 
with the horse parasite, and their macronucleus is situated slightly more towards the 
flagellum-bearing end of the parasite, Compare Plate I, Figs. 2 and 10. A few of 
the parasites shew chromatic granules in the protoplasm in front of the macronucleus. 

The appearance of the parasites differs to some extent from the above type in 
preparations which were taken, two or three weeks before death, from two rats which have 
died (Experiments LXIX and XXVIII). The parasites are more numerous, and more 
long forms undergoing division are seen. In nearly all the parasites there is a marked 
chromatic stippling, produced by chromatic granules situated in the protoplasm, 
posterior as well as anterior to the macronucleus. The number of these granules 
varies greatly. In the parasites undergoing longitudinal division, generally few or 
none occur, In some of the parasites the chromatic granules are very large. They 
take on a deep blue purple colour with Romanowsky’s stain which, though closely 
resembling the chromatic staining of the micro- and macronuclei, can be distinguished 
from it by its bluish tinge (Plate I, Figs. 2, 4, 5). 

Besides the above types there are seen in rats, at this late stage of the disease, 
rounded forms (Plate I, Fig. 5). In them the macronucleus is round and, usually, 
the individual chromatin granules composing it can be made out. The macronucleus 1s 
situated either in the centre of the parasite or to one side. It does not occupy the 
whole width of the body. In forms more completely rounded than represented in 
Fig. V the posterior and anterior ends of the body cannot be made out, and the 
flagellum is often only attached to the parasite for a short distance. Some of these 
forms show two or more macro- and micronuclei. These probably correspond 
to PrimMer and Braprorp’s ‘ amoeboid forms,’ 

The Horse Parasite in Rats—The parasites seen in the blood of rats infected 
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from Horse I were, from the commencement of the infection, precisely similar in appear- 
ance to those occuring 1n that horse. Stumpy forms were at first more frequently 
met with in these rats, but as the parasites increased in the blood more long and 
dividing forms were seen. About a week before death amoeboid forms were also 
seen in the peripheral blood of these rats. Chromatic stippling was only 
occasionally seen in the parasites. 

The parasites which first appear in the blood of rats and mice inoculated from 
horses in an early stage of the disease are morphologically identical with the small 
forms seen in the horse (Plate I, Fig. 6). Many of these small forms are seen in 
all stages of longitudinal division (Plate I, Fig. 8). As the disease in the experi- 
mental animal progressed, long and stumpy forms were seen, and the smaller tadpole- 
shaped parasites tended to disappear. Rounded forms can be seen in the blood of 
many rats in a late stage of the disease. 

Still another variety of parasite has been seen occasionally in the peripheral 
blood of rats inoculated with the horse trypanosome and also in the blood of horses 
either one, two, or three days before death. 

In shape, like either the stumpy or long form, it differs from them by its very 
feebly staining protoplasm. This type corresponds very closely to the ‘ hyaline’ 
forms described by PrimMmer and Braprorp. 
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V. TRANSMISSION EXPERIMENTS 


A tsetse fly, Glossina pa/palis, is practically ubiquitous in the Gambia. It isparticu- 
larly numerous among the mangrove swamps, and for this reason it is locally called a 
mangrove fly. It is, however, seen all along the river, far above the brackish water in 
which the mangroves grow. Though the flies, as a rule, seem to prefer the immediate 
neighbourhood of some large expanse of water, they have been seen and caught in the 
bush at some distance (two miles) from any collection of water. We have taken 
specimens just outside Bathurst, everywhere through British Kommbo, and at many 
places along the river as far as Sunkunda, They were seen at Walia, and everywhere 
on the river itself they were a most pertinacious and disagreeable pest.* 

It was with this fly naturally that we made our first attempts to transmit 
trypanosomiasis from infected to healthy animals. 

We first allowed flies caught in British Kommbo, where there was a good 
deal of equine trypanosomiasis, to feed upon healthy rats. Our results were always 
negative. 

A detailed account of these experiments follows :— 

Experiment 1.—A white rat was selected, and tsetse flies caught in the bush 
near Bakau were fed upon it in the following manner and cn the following dates :— 

Sept. 14, 1902—4 flies out of a batch of 6 fed. 

» TS yy 3 ” ” ” 

ee ee 4 of the flies caught on the fourteenth also fed. 
164, a batch of 6 fed. 
ee by es 3 flies caught on previous dates fed. 
oe Ese as a batch of 4 fed. 
a On as 2 flies caught on previous dates fed. 
coe 4 flies out of a batch of 17 fed. 


ee ee 3 freshly caught flies fed. 
Oct. 1 


” 3 ” 9 29) 


»”»> 3 »” 8 ” ” ” 


Altogether, 44 flies (G/ossina palpalis) caught from the bush at Oyster Creek, 
about three and a half miles from Bathurst, were fed on this rat at periods varying from 


*In spite of a careful search, we never succeeded in finding GJos:ra in Senegal. No tsetse flies were seen in the 
mangrove swamps in the neighbourhood of St. Louis, which, in the Gambia, would certainly have sheltered myriads of them. 

Traders and residents in St. Louis and Dakar failed to recognize the specimens of Glossina which were shewn to them, 
and officers on steamers plying on the river Senegal, between St. Louis and Kayes, had never seen the fly. We were, however, 
told that it occurred to the South, on the River Kaolakh. 

The absence of Glossina from a district in which we failed to find equine trypanosomiasis forms, perhaps, a striking 
coincidence. 
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one to twelve hours after their capture. Only those flies which were seen to be 
gorged with blood were held to have fed. It may be assumed that all the flies which 
were given an opportunity to feed attempted to do so, and that the proboscis of a 
much larger number of tsetses than 44 pierced the rat’s skin. The blood of 
this rat was examined constantly, always without success, for trypanosomes. 


Experiment 1a.—Tsetse flies caught near Bakau, where five out of the 


six horses owned in the native village were infected with trypanosomes, were 


allowed to feed at once on an uninfected white rat. 


Oct. 24—-25 newly-caught flies fed well. 


” 2§—I0 »” ”» ” 
.» 26— 2 . = BS 
» 28-2 ” ” »” 
Nov. 14——30 ”» »” ” 


This rat was constantly examined, always with negative results, until April 14, 
1g03, when it died from sunstroke. 

Experiment X1X.—F lies freshly caught near Bakau were allowed to feed 
upon a young non-infected white rat. 

Oct. 24— 2 flies fed. 

2S ae OT mn 
26—10 ,, ,, 
28—20 4, 55 
2 me 8 » 99 


30° T2559 


This rat was constantly examined without result until November 14, when it 
was killed. 

Experiment V\I1.—We also attempted to infect a tame rat by allowing it to 
be bitten by tsetse flies which had previously fed on a naturally infected horse 
(Case No I) and on an artificially infected rat (Experiment IX) in the blood of which 
there were a great many parasites, 

A stock of flies, continually replenished by the addition of freshly-caught 
flies, was kept in a cage and fed on successive days alternately on the infected and 


non-infected animals in the following manner :— 


INFECTED ANIMALS UninFecTeD Rat 
Oct. 11—12 flies put to feed Oct. 12——5 flies fed well at 9 a.m. 
4 filled themselves 
yo 12— 6 fies fed on Horse lat 4 » I15—3 out of 6 flies fed, others 
p.m, attempted to feed at g a.m. 
Horse died 


G 
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INFECTED ANIMALS—contd. UnInFEcTED Rat——contd. 
Oct. 21— § flies fed on rat, Experiment Oct. 16—5 flies fed well. 
TXS 22t rpm, 2 at opm. 


many trypanosomes — in 


blood. 

5» 22— § flies fed on Experiment 
IX 

5» 24—25 flies fed on Experiment IX 55 25—Many of 25 flies pierced the 
this p.m, skin, but none succeeded in 


getting full meal. 


26— 2 flies fed on Experiment IX 
29— 6 flies fed on Experiment IX 9» 3C-—All flies fed on rat. 


=p) 


The conditions of this experiment were purposely made as broad as_ possible. 
The sole object of the experiment was to see whether Glossina palpalis would transmit 
the Gambian horse trypanosome in the same way as Glossina morsitans does Trypano- 
soma brucei. 

With this end in view, flies which had fed at any previous period on either of 


the infected animals were allowed to feed indiscriminately on the test animal. ° 


This was examined constantly until April 14, when it was killed by sunstroke. 
Its blood was, as in all the transmission experiments, examined, at first, daily, both 
with and without the centrifuge, and always in vain, The autopsy revealed nothing 
abnormal. 

Although tsetse flies could be found near McCarthy Island, where we made 
our headquarters from January to April, it was never possible to catch them in sufficient 
numbers to make the success of a repetition of these experiments probable. 

It is maintained that the tsetse fly carries Nagana from animal toanimal ir a 
mechanical way, and that probably no biological change in the parasite intervenes. We, 
therefore, determined to repeat these experiments, using intead of Glossina, two varieties 
of Stomoxys (not yet identified), which were very plentiful in the Upper River, and 
easily caught. 

Experiment C1.—Dnuring a period of eight days, a number of Stomoxys, about 
one hundred altogether, were caught from two horses and placed in the same cage. 
One of these horses (Horse No. VI) was a naturally infected animal, and at this 
time its blood contained onan average five parasites to a preparation. The other 
(Experiment LX X XVII) was a young native stallion which had been artifically infected 
with the human parasite from rat LXIX (Q. strain). The flies had an opportunity 
of feeding within twenty-four hours of the time at which they were caught, on a young, 
non-infected white rat, aand they were allowed to feed daily on the same animal for a 
period of eight days. The rat has been under observation up to the present date and 


has never become infected. 
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Experiment C.—On March 18, 1902, a large number of Stomoxys were caught 
while feeding on a horse (Experiment LX XX VI) infected with the human trypanosome. 
They were daily fed upon this horse, whose blood contained five parasites to a pre- 
paration until March 24. On March 25 they were allowed to bite a young non- 


infected white rat. Twenty-four flies fed well. 
The flies were then fed on alternate days on the horse and test rat as follows :— 


March 26—Flies fed on Horse LX X XVII. Many fed. 
2" iehe * 


a » 9 
- 28 - » Horse LXXXVII. 
9 2 55 o Rat. 
ae ‘ 3)  tdorse DXX XVI: 
» 31 3 5 vate 
April _ 1 a » Horse LXXXVII. Very few fed. 
_ 2 * ie NS Only one sucked blood. 
» 3 9 sete None fed. 
4 4 Flies were not fed. 
’» 5 ” 9 5 Many dead. 
nO. Si Ss. All dead. 


This rat has been under constant observation, and up to the present no try- 
panosomes have been demonstrated in its blood. 

Experiment CV|1.—Flies were caught from the same horses as in Experiment CI, 
They were placed together in a cage and allowed to feed upon Rat Experiment LX VIII, 
in whose blood there were at this time numerous ‘ horse trypansomes’ 
(derived originally from Horse 1) ; twelve hours later they were allowed to feed upon 
a non-infected white rat, This was done on two occasions, ‘Thirty-five flies were 
observed to feed well upon the non-infected animal. 

The experiment was commenced on April 3, and, up to the present, parasites 
have never been seen in the rat’s blood. 

If the natural mode of transmission of the Gambian trypanosomes 1s a simple 
.mechanical transference of the parasite from an infected animal to a healthy one, which 
is infected by the prick of a proboscis containing parasites, it seems strange that our 
experiments should have always been unsuccessful, and our efforts to repeat Bruce’s 
transmission experiments without result. 

As has been previously said, if the parasite is transmitted in a purely mechanical 
manner, it seems probable that other insects, possessing biting parts similar to those 


of Glossina, should also be carriers of the disease,** 


* Mr. E. E. Austen, dipterist to the British Museum, who is classifying and describing the biting-flies collected by the 
expedition in Senegambia, informs us that our collection contains five species of sabanus, one species of glossina (palpalis), two of 
stomoxys, and one of /yperosia. 

In Senegal, Aippoboscidae were very frequently seen, and at St. Louis we caught several blood-sucking flies which belong 
to a new genus near Musca, 
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Heads and probosces of the tsetse flies and stomoxys used in these experiments 
were frequently dissected. In none of them were trypanosomes, as they are observed 
in the blood, ever seen, The head parts of insects were examined immediately after 
they had fed upon animals in whose blood the parasites were exceedingly numerous, 
and never were they found to contain recognizable trypanosomes either living or dead. 

Living actively motile parasites, not in the least degenerated, were, however, 
seen in the stomachs of these flies for many hours after their ingestion, Their 
peculiarities and the alterations which they later underwent will be considered in a 
further report. 

Our fly experiments were done during the dry season, It is possible that 
they failed owing to the excessive lack of moisture which could not fail to have made 
it impossible for the parasites to live, for even a few hours, in the insect’s proboscis.* 

An observation, interesting in this connection and based upon a very careful 
diary, has been related to us by Mr. Hewsy, F.R.G.S., formerly a resident in 
Northern Nigeria, 

There is on the north bank of the river Benue (Nigeria), opposite Ibi, a 
notorious tsetse fly belt where G/ossina occurs and in which horses contract ‘ tsetse 
fly’ disease. 

Mr. Hewsy unhesitatingly picked out specimens of Glossina palpalis from 
our collections, and assured us that the tsetse fly of Ibi was practically identical with 
them. The symptoms and duration—three to (rarely) ten weeks—of the disease in 
horses (it also affects cattle) convinced us that what is called tsetse fly disease in 
Northern Nigeria is most probably Nagana, 

On two occasions (1899-1900) all the horses sent by. Mr. Hewsy and others 
through this particular ‘belt’ during the rainy season contracted ‘fly disease’ and 
died. 

Twice during the dry season (1901-1902), although the tsetse flies—seen 
also during the wet season—-were extremely numerous, have ponies gone through 
the same belt of fly-bush without suffering harm, Once a pony taken in the dry 
season (May 1902) through a bit of bush comparatively near the Ibi belt ‘was 
covered for hours” with the fly and yet did not contract the disease. 

Mr. Hewsy also informed us that, as in the Gambia, the neighbourhood of 
the river is believed in Nigeria to be unhealthy for cattle and horses during the rains, 
It is in addition generally believed that the fly is practically harmless during the dry 
season, It is interesting to note that Mr, Hewsy knows of no instance in which 


asses and sheep have suffered from ‘ fly-disease.,’ 


* At McCarthy Island, during the period at which our Siomoxys experiments were done, the dry thermometer in our 
laboratory daily registered about gs5° F., the wet bulb thermometer being usually from 15° to 20° lower. 

Though the conditions were similar during the tsetse Aly experiments done at Cape St. Mary the temperature was not so 
high nor was the daily difference between the wet and dry bulb thermometers so great. 
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VL RESULIS OF INOCULATION OF THE GAMBIAN HUMAN AND 
EQUINE TRYPANOSOMES IN EXPERIMENTAL ANIMALS 


InocuLaATION EXPERIMENTS 


The experiments have been divided into two sets of tables, Human 
Trypanosome and Equine Trypanosome. In these divisions all the inoculated 
animals of the same species have been arranged according to the passage of the 
parasite and, as far as possible, all those of the same strain have been grouped 
together. In every case the strain of the parasite inoculated has been noted. In all 
the inoculations the blood was mixed with sterile sodium citrate solution (page 2). 

All the rats and mice used in the following experiments were tame ones with 
the exception of a few bush rats and some wild mice—in the tables these animals are 
specifically marked. 

All the animals were carefully and repeatedly examined before inoculation, to 


ascertain if they were free from Trypanosomes. 


RESUME OF INOCULATION EXPERIMENTS 


We think that it would be premature and unprofitable to enter upon a 
detailed discussion of the properties and identities of these two Gambian Trypano- 
somes, based upon the experiments which we present in this report. 

We fully recognize the importance of determining whether these two parasites 
are the same, or whether either is identical with any previously described pathogenic 
Trypanosome. At present we are inclined to believe that they are not the same 
species ; our reasons for this opinion are :— 

1. The more chronic course of the disease produced by the human parasite 


in all animals, perhaps with the exception of the goat. 


i) 


Tame rats infected with the horse parasite certainly die from its effects, 
while, on the other hand, we have no evidence to show that the 
infection which has occurred in tame rats, inoculated with the human 
parasite, has been the only cause of death. 

3. The modes in which the human and horse parasites appear and dis- 

appear in the blood of inoculated animals, during the course of the 

disease, is not the same; thus, in rats inoculated with the former 
parasite, there is a marked periodicity of entrance and exit of the 
parasite in the peripheral circulation, in the case of the horse parasite 


this periodicity 1s not a marked feature. 
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4. In most animals the enlargement of the spleen and the presence of 
haemorrhagic glands is a characteristic feature of infection with the 
horse parasite. In the case of the human disease, in the few rats 
that have died infected, the autopsies of these animals have not 
shewn haemorrhagic, nor even markedly enlarged glands.* On 
the other hand, we must remember that we have infected one 
horse with the human parasite, and it has produced a disease in that 
animal clinically indistinguishable from that seen in naturally infected 
horses. We know also that baboons (cywocepha/us sphinx) have, up 
to the present, been insusceptible to both parasites. 

5. We have already mentioned that the parasite found in horses, in the 


early stage of the disease, can be distinguished by its morphological 

characteristics from the human trypanosome found in the native. 
The possibility of inoculating some of our animals now immune to the horse 
parasite with the human trypanosome, and other experiments of a like nature already 
in. progress, will probably throw considerable light upon what we judge to be the 
most urgent problem requiring solution, namely, the identity or otherwise of these | 


two parasites. | 


* In the case of a goat and a guinea-pig inoculated with the human parasite, haemorrhagic glands were seen 
at the post-mortem. 


INOCULATIONS IN RATS 


EQUINE TRYPANOSOME 


FIRST PASSAGE 


Namber of Parasites 


te, Source, and Mode ‘Type of Temperature Resalt ; feat eth ay 
Animal Daley boars aly wen and ee olen Danette yy | Changer in Dlood |  Sublaocalsl PM. Appestances Remarks 
Exp. IX P 
(A) Cetober rz. Horse ¥ October 16, ory Not ralted on appearance October 18. . ‘Tissue very dry ; 00 enlargement 
Smallblackand white] Intrsperitoneally with 1] Very numerous para. of patzaites, Fell to 95" P| Durations days] of the spleen. 
oa Casares iy erent ein P 
foun prasienpresen In| tle, Fur day. 
preparation. 
Exp. IX 
aac October 18 Horse 1 ewer 15 Neves abeot om bow! sure, never] November t a Bap. xvi, ulvrpsalel ead Leela 
ype blackand wille|_totraperiioneally with 1 | Only few seen. to ficressed In aration, weenty P- colarged, some hacmotthagic, 
ou exat bosde a!” | coverhips tnestatlo,| y ri Exp. XX, Spleen much enlarged and dark, 
three day Exp. XXL 
Eep. XI, 
ErBce Tier. | ocwtersg, wanet | ocwteray | on Noveaber grass Horemer 18 | net dowel 2 Tones ral senteh wh 
. * “) jotraperttoneally wlth | Numerous parasites. | were scanty In the blood 5 | 102" F.4 after appear Duration, forty: | slight diminution of teddlsh-yellow oedema ald, also, 
cz. of blond fom vena | locubation,scren days.| on November Of paranites was femaittent, | two days. | ved cells towards the teen In subcutaneous tissue of ab- 
fara of horse, $000 afer keeny on N too-toy" F. dally. iat omen, All Iymphatle glands im. 
death. No patasites teen omeroas parasites prea mensely ealarged. Spleen, 5. x 
Tnprepaaioa Eat Bs per nD, Hs x o7 con 
Exp. XV & : 
Diack and shite r31, October 17 October 34 Gradually Incteased_in] Varied between toa"and| November 11. | Same as In Exp. XIV, No 5 
3 Same as ln Exp. XLY. Faisly oumerous. In-| namber. Six days before | 103" Ps not periodic. Doratlon, twenty: 
cubation, aeven days. |deatb, 1800 type. 10 five days. 
comm 
Exp. XVI 
Whiter October 17, October 3 Divo Dine Norember 9] Same as In Exp. XIV, Pasally decompored ; enlarge- : 
Same arin BapeXt, | Incubation, elght | Three days before death, | Very even temperature. | Daratlon, wcaly seat of spleen aod ylandt observed 
ayn 71,780 pataalien to cma. three days. 
Exp. XXXI 
Taige plebslf rat. 6] November 33. Horte Vi | December 4 Numerous parasites seen | Irregular, topsed down.'| December 26 | Red cells decreased | Exp. LIV. spleen, § x 1 oc oR em.5 glands 
Inuaperitoneally with y5| Few parasites In-| on December G; nave were | A sharp tive Ne day before | Duratlon, wrenty-| from. 5y20aj00 10 cobged, 
2. 01 Blood. cubation, sixdayn | seen on December 9, ater | death. ‘ane Warn. | 4yooq008 
wards gradually Inctessed 
In numbers; 1o8,o20 pet 
Emm. theday before dexth. 
Exp. LXIV 
White and brown rat} January 12, Horse VI a Janaary 18 : 
ey Intraperiioneally with 3 ‘Accidentally 
ec. of blood. killed. 
Exp. LXXXIII 
Ta) * February 7. Horse VI February 17 Allee fot appearance | Nor taken. April's z Exp. CXII (4); orig-|  Spleen,6 x 1's x or7 cm.; glands] P-S, done Immediately 
Brown (O14) 131. 4) Intvaperitapeally withers | Ore ttyp. to cover-| osly occaslonally were Duration, seven= Taal Fap-LXXXVE | not much enlarged, 0° a. Jellow | alter d-ath, Anima killed. 
ce. of blood. slip. Incubation, ten | parasites teen ual the end sy-aine days. Colour, rather edematous” none 
tay, Of March, when falily ou were haemorrhagic. 
merous paraslies were ob- 
fered. Sed were. always 
Present, Increasing. In. = 
Fount Gntl rat died. 
Exp. LXXXIII 
is) Februsty 7 Febraaty 17 | Upto March go paratiter F AccHteatally = 
Pictald tat. @ | Sameavin Exp. LXXXMI] Two parsilies to a | appeared attimes fromone killed. 
(a) covctsllp. Tncuka-| 0 two days to disappear 
Mion, ten days. for a similar period. 
Exp. CXLI 
‘Small white st. | July $0. Morse VI Apoat 9 From Aogust 90 Avgust ca August 31 ee 
ovssperiibveslly withz's| Two. parsaites to | 13 parasites Increaved Io sult stir. 
ee. 0l bleod. corer. "Tacabation, | number, vatylag from one 
fen days, {o thirteen toa held, Parse 
siesabsent till October 35, 
Tato cover teen, Pres 
cent In blood August 30. 
Exp. CXLIII 
Sexall white rt.) July 30. Horse VE Augen 9 Parasites present for two Avpuse gt : Exp. CLV. es 
Iniraperitoneally wlthe's| Two parasites to| days, Absent to Auguat Sul alive. Exp. CLVI. 
cz. of blood. thiny-fve fields.” In- | 19, (wu to cover. AUpUst Exp. CLVIL. 
cubation, ten days | 21, one to eight. Geist. Exp. CLVIU. 
‘Absent up to AGRON ft. Exp. CLIX. 
Exp. CLK. 
Exp. CXII 
Small white rat. | April zy. Horse IX May 4 Always preteat In blood, May Exp. CX Spleen, 51) 6 % "4 cm, slightly bg 
Inwrsperitoveally with ors Four parasites 1 | gradually Inereased 5 very Daratlon, twenty. colarged; some eolargement of lym 
ex. of Blood cover Teeubs-| humerous on May 40 fire day. phalle lands, no haemorrhages 
tion, eleven days, fez. 
INOCULATIONS IN RATS FIRST PASSAGE 
is tce,and Mote |Pateof Appearance of| Number of Parases | oy. g a = 
ois! Soares and Mote | PM SES the Giualifrecases” | Typeo(Tempertare | Rewalt | Changes in plead | sublocubalons POMIApresates poy 
Peiipherst Blood Perlodicity 
Exp. XX 
fa) October 29 Never became Infected.| 5 January 6 4 - 
Small plebaldst. 9 MQ. Dicd while we 
Inuiapcritoncally with two were ayeay, 
opt of bod Seven 
ining, parasiies to prepara 
tina at time of inoculation, 
Blood used tid been kept 
overnight 
Exp XX 
(a) October 51 Never became lofected 5 : Rat reinoculated with 
Small piebsld rat. MQ. Ulood "from guines-ple, 
ore atin Pep XLEC steep. 
€. of blood from Bager. Strain Lammin child. 
Exp. XX 
) November 5 November 12 | Parasitenwerenever teen | ‘Temperature even. August 3h : See second passage. 
Lage shite rst) MQ. Tuo parantes secu | spain. On Febroary 14 sult aive. 
Havaperiioneally with | to. preparation. tn-| rat reinoculates. 
about Ze<.of blood, show-| cubation, nine days 
ing no parasites to pre- 
paratlon! 
Exp. XX - 
0) November 1 November 12 | Parasites weto absent Avpurt gt os a “ 
‘Small plebald 21, MQ. One parasite seen | from the elsculation altet sul siive. 
Inuaperlwonealiy with 5 |10 preparation. In- | fist appearance, antl 
€.£. of blood. cubation, nine days February 17, when they 
apaln appeared for a day. 
None have been observed 
slnce that date. 
Exp, LXIX 
‘Tame black rat. January 19 February 8 Parasites never very February 28 | Sed blood cells not | Exp. XX (ec). No enlargement of spleen.) Had the lung  diseae 
Mr... Seren parasites seen | numerous, at most cight (0 Died. Duration | diminished. Exp, LXXXIV. Lymphatic glands not enlarged nor| made the animal more 
ottapetitoncaliy withos | {ncubalon, twenty | Geld, On February tgand fony days. Exp CXXXV. | Memorthagle. Cyaticereus found | susceptible to the human 
€£.0f blood showing sen | day. 25 they were faily numet- Exp. LXXXVH, | under liver. Many aeniae Jn amall| trypanosome! 
parasites to preparation. ous. Thelr numbers varied Intestines, and in this bowel was 
irestly, and parsiltes were ‘ld and recent blood, Lungs showed 
oceaslenally absent, the chronic. suppurating proce 
which has affe some of our rats. 
‘There was pus in the frontal slnus. 
Exp. LXX. 
Bick and ewhlic Janaary 19) ‘Never became Infected.| o a oh oa on Relnceulated Aptll 15, 
ase aL, Mr. Q Exp. CLX, from boy at 


Intraperltoneally with o't 
«<.0(blood,ahowlog neve 
parasites (o'preparstion, 
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EQUINE TRYPANOSOME 


INOGULATIONS IN RATS SECOND PASSAGE IL 
Date of Appearance of | Number of Paraaltes 
Date, Source, and Mode Type of Temperature: pen Changes In Blood} Sublnocalations PeM. Appearances Remarks 
Animal Aaa Paraales In the ‘suslly ween and oe anges In ab lnoce roM. Appearance 
of Tecedlation ro as me Records Date of Death 
Exp. XVII 
eball rt. October 22 October 36 Gradual jocreate for 20 | regular. A sharp December s | slight decrease of| Exp, XXUL Enlargement of spleen, x 40s | Death probably hastened 
Peet Rat Exp.tk (a) | Twn paralen tne| weeky, then grofeal de: | occured on the fmt ap- | Died. Darcton,| Haemoglobin ard red | Exp. XXXVi- cm, ant of all gluota” Some se: | by brain abxcas 
Intrapertioneally o's cc. | cubsilos, four days. | erese abseaton Novem. | pearance of parasites | fonyourdayn | cells. Adi before In-] Exp. XXXVI, | moithaglc, Bronchial deeply con 
of hlnod, contatoing fair ter 1g, preseat on sist ‘cculation, ‘yooojeco | Exp. XXXVI Fated." Abscesv of left ealdtte ext 
amber ol parasites. Strain On December §, 6,000 before death 50504 extending to braln. 
Hone 1 parultes per emm. 
Exp. LXV 
Pitan g Jansary 15 amuary 26 || Coors preventsted # March 31 Es ap, LXV, : Alma led dating 2b- 
Native dop Eep.X1_ | Few pansiten To-| ln cumberm  Nomerour Accidentally ted sence from laboratory. 
Invraperiioneally 45 «.c | cubation, leven days. | about Beginning of March, Duration, sboat 
of blood. No. parasites sixty-five dayn 
teen. Sain Horse f. 
Exp. LXVI LOR 
Tamera. ¢ January 15 January 31 Numbers vatled. Once “6 Es) cs 
Native dog. Exp. Xt | Nomerous paraslten.| In Febroary aod again In Duratlon, eighty- 
Intraperitoneally °5 cc | lncutatlon, "sixteen | Mareh none weeny Numer= meven days, 
of Bonk. No parasites | day. ‘ous By end of March, 
in Strain Horte U 
Exp. CLI 
Whient @ Avpsat Nerer tecame In : : spun 3 " fe “5 Blood cenit many 
Native dog. Expoxt | fected. Sill alive, timex. No parasites teen. 
roe ie Js r: b radual \ Febs Moe ib skh 
Laige pletald ru anusy 15 January 2 Gradual Inezease In num: cbruary 35. os jacous membranes and skin d 
trl | Goat, Eap. X Numerous paraaltes | bers up to death. Died, Duration, yellowish, Liver and kidneys con 
Ivrapetitoneally 3's c«-| frst ecen. tnecbstlon, forty-one d ested. Spleen, 65 x 08 x oye 
Ran | stated tanasecsacs | pereale alse tapes Biands nel enlarged nor ‘harhorr: 
seen, Strain Horte L hagic; oedematous, and of yellowish 
hue. "One parasite In hear blood, 
Exp. LXVIII 
Tame brown rat. January 45 Never beeame ine oe 6 = 5 : Re-inoculaed, March 20, 
Geat Bap x | feeted. fiom rat. Exp. LXV (third 
Reinoculation Tnwsperitoneally 75 ce. passage). Strain Horse 1. 
of Nowd. No. parasites , 
een. Strala Horte L 
Exp. XCVI 
Tame born rat g March 20 March 28 Gradual Increase in nam- = About April 23 : = é Killed while away from 
Goat. Exp. X One parztlte. Ine] bers up to April 3 Killed. Duration, Laboratory. 
Ionrapetitoncaly” 5 ce. | cubstion, elght day. about thirty-foat 
of 'bigod. No parasites days. 
teen, ‘Straln Horke L 
Exp. LIV 
Waltent December 26. Janaxy 11 Gradual Increase In num-| Very Irregular. Japuary 16 Red cells (ell from| Exp. LX. Spleen and glands enlarged, At-| Death hastened by perl 
Rat Exp, XXX Many parstiten. Ia-| bers 2hjo00 parsltes pet Died. Daration, | f,cc0yo00t0 4,002}200 scets between fectom aod binder. | tons 
lorrapetltoncaly 2 ex, of|cobationy six dayn. | emm of January 6. toventy-one days! | before death. General peritonitis. 
heart bio dictysiter 
death Many panies 
seen. Strata Hone V- 
Exp. CLV 
Plesaldrt. Agpsst 10 Asp ts Parsalics almoxt con: = Aupust 31 es as & a 
Rat tap. CXLUT | Four parasitex tn-| stanty present Sul alive. 
Inurapetitoncally = ce| cubation, Bre days 
of bloal. Strain Horse VI. 
Exp. CLVI 
Plesalirat. ® August 10) Augost 17 Parasites constantly prem ‘: Aupost jt = Fe & ee 
Rat Pepe CXL | Toto a Bell. In| et usualy two to four to Sulfalive. 
lnusperitoneally 2 ec. | evbation, seven daye | 3 6d 
of bigal. Suala Horse Js) 
vI 
HUMAN TRYPANOSOME 
INOCULATIONS IN RATS SECOND PASSAGE 
Date of appearance ot || Nomber of Parssles 
Ani Date, Source, and Made | Pe Te nthe uually sect and Type of Temperature | | Result | changes in Blond | Sublnocalstions eM, Appearances Remarks 
iS Peripheral Blood periodicity icconte alelof Deal 
Exp. LXXXIV 
Large shite st. February 8 February 16 | Pretent Inthe peripheral | Not taken. Avguit at os 5 
Rat. Exp LXIX | Five. parsetes to blood for one day, sever sill lve. 
Inuraperitoneally ree. of caver. Tocabation, | seen agala. 
Mood. Sven parasites | elpht days 
sen. Stain MQ 
Exp. LXXXV 
Large plebald rat. February & February 16 Parsaltes present till | Not taken. Avgest a ci “ ' 
Pt, ERIM | Fite parales to | February, Seat ull sul alive. 
lnrapentoneally ce. of | cover, Incubation, | February 24° Reappeared 
seen, Suain Mr.'Q. days. Not examined antl 
March 16, «hen present 
absent up” to. April 
Feplember =, preset 
Exp. XX 
(e) February 14 February 17 | _Six parasites preteot on 5 " oh Rat had teen Inoculated, 
November j,_ vith blood 


Lage white neg] Rat. Exp LXIX pe paraslt Februsry 195 absent 10 

Reinoculation otraperitoneally 0° cc. sate. from Mr Q. (tee first 
of blood, contalning many pasage)- 

yansites Sualo Mr, Q. 


Exp. XXXIX May & 
Large tame blsek rat, November jo December f Parasites appeared and 101910 1029 F_ Temper- | Aceldentally Kill: | No marked changes.| Exp. XLLY. Up to December 4 0 
3 Rat Exp XXVI | Ten pusasiics to disappeared ten times op [ature one 18 to rs Fran | Duration, Exp. XLV. jpartilies had been seen 3 
Iotrsperitoneally o'§ €.| cover, — Incubation, | toAprilé, Most numerous | appearance of parasites. | 159 44Y% Exp. XLVL Tal was relnocalated from 
ef bloat. Two parasites | elpht daye. fa Janaary 10, 25, 27. Exp. LXU same rt. 
seen. Average time present, four Exp. CXL “The regular appearance 
ays aversgetime sbient, and disappearance of the 
. even days Parltes Is noteworthy. 
Reinoculation December 4 a Bi ‘i i PA a = 
Inurspetitoueally with 
bleed from same rat, eon 
taloing numerous parasites| 
Sina Lancia. 
Exp. XLI 
Large whiicirats December 4 Neveriobserredy 5 Hi es or oS) fe Relooculated from buh 
Rate Exp XXVI rat, Exp, L (tee thind 
Totraperitoneally 07s ec. passage). 
of blows, Psraslies falily 
numerous. Strain Lammls. 
4 
Exp. LXXXIX 
Small tame blsek rat February 24 March 16 Paraaltes almost coaitant= Ci August 34 “3 re “ 2 
é Ral. Rep XXVI_ | Onc parailicto every | ly present. silt alive. 


Intraperiioneally o*5 cx. | three elds. Jocuba- 
of blood, cootalning Iiving | tho, twenty-three 
parasites. Stralo Lammin. | daye 
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EQUINE TRYPANOSOME 


INOCULATIONS IN RATS THIRD PASSAGE 1 
Date otAppearnce |) Namber of reales 
paaserreced Mate Tyree Tenpentare) || ner 
Animal = alae Parasites in the ‘onually #een and r} ‘Changes In Blood Sublnoculauions P-M. Appearances Remarks 
‘of teoctiation Pe secuiia ie Recor Date of Death c Pe 
Exp. XXXVIII 
Tame nt, 2 November 30 December 3 Tecame very numerous, | Irregular. 10010 1029 F.| January 1 Rod cells diminished | Exp. XLVI. Spleen 47 x o8 x c's cm| Death probably hastened 
rat"Eap a¥in | avcepaniesscn | an laces op on | Fe 985 otf fesh | le ifn, | oe al December Gelenh slhur untepel econ | opavstetner 
etal teste | eaenloa esti aera ee UE Peony ay 
ot tod Parts fal Sea thilr Sapeseaateeoeenl 
omeer rte eae jestettaceoe teealtnaerotinene 
oF Poreceusl pant 
Exp. LXVIII 
Bed) pean Ree ee | esate oe tector Fi apaitas “3 pees ry ra core hal lads | limuedee aase dex 
TCE | iste aectiee ae) Res peste . ied? Burton, cclipe Mal So ceive | ws sue 
Reinoculation Tatraperitoneally o°5 cc.| cubation, three days, oF split pean, Toocalsted, January 15, 
ea a feaenemtrecd 
Fossa ala toms paneer racter ects 
FOURTH PASSAGE 
Exp. XCVII | 
Psan 6 sorb 20 peeticn _ lWitnin crea er Apiy . “ETE Sef schema | Poatr dt fom sa 
(Geatssvan Sexxy, || ielehtearcisesbas| wonereess rAbcen ts Diet Derduos, frishe, ‘Allpundsestup2i nd | stoke 
Tarsreheataarras ee | pein escaped | ApS meapancasre fnjecun foul Micsonchca te 
ol tine ones Sikes ete compe 
peeve eel 
| 
FIFTH PASSAGE 
Exp. LXXVII 
Ai irre Rebrcay ace Nesten Geteertag Gil ; March 5 ; bap. XCWV, “2 Inoculated at PM. of 
pats ag. ||) patch Tes’ xcvmt | one carat ww gag | aresonscel os soso Diet Burkuon, Seber 
Perpeiioesdiy vce | lsbeiooetescasye:| Macht Haaren a ther dea’ Died ele 
Sues arpa eek fom Bese 
peas ovas Nae 
Exp. LXXVII 
in) ine February 10 | As in Exp: EXXVII (a) F March2 : ; orm 
Peal aoa \liimmapetanedlacsice!|locwerporulicn ats re papery ufBity dau’ nothserorhage 
ofits ie Exp UxkVli| rela locubatten, tube Lara lightehocsincealer: 
i cunaaye 
Exp.LXXVII 
ic sin Exp. txxvn (a). | February —_ | asin Esp. LXXVIE(A). : March 5 xp. XCU, Died while absent from 
Plea stg ponents Diets Burton, ose 
cabal a days ibe 


INOCULATIONS IN RATS 


HUMAN TRYPANOSOME 


THIRD PASSAGE 


‘ Number of Parasites 
Date, Soaree,2nd Mote Type of Temperature Result 
Animal pares i uyually seen and Pe pe Changes in Blood Subinoculstions 2-M, Appearances er 
i ooesatton ie Si Recorde Dare of Death | CHE t Pew Gents 
Exp. LVIII 
Large browa at. Janaary 6 January Present two days, snd = August 31 2 Fe = 
Bush tat. Exp. Lt | one to cover tn-| again anuaty 5-287 pain Suflaive 
Intraperitoneally o°5 ce. | cubation, seven days. | March 28 to April Four 
of blond, numeroas pars- to field. July 20 negative. 
sites. Strala Lammin, 
Exp. LIX 
Laige black mt Janaary 6 January 15 Present frst eight daym | Regulaily remittent, tor] August jt : 4 - 
Hash rat. Eep. LI | Tso 10 preparation. | numerous hlth dsy. Sab-| 10 4032 Fy occasionally | stil allv 
oirsperitoneally e°5 cc. | Incubation, nlne days | sequently presentfora fee | 1o4® PF, 
DpUiboed pumerves{ ars! daivat's timeylth Jonger 
sites. Strain Lammin. {tervals of absence untll 
April. Joly 32-27 absent. 
August 31 absent 
Exp, LX 
Brown rat. @ January 6 = Prescot January 22 10] Regularly remitient, 101 | July 15 Not marked. Exp. CXXIM. Immediate autopsy. Right lung ao 
Rostra Bap. Li Febrary2 Prestithough| 0 fo} Fs occanonay | Fromeshsesion. Ep eka an! putot fe fal af poe Specs 
Iiraperitoneally 0°§ ce. scanty, with Irregular tn- | 1a42 Fe Duration, 199 CXXY 17 x o3 o's en, congesiel, 
af blood, numerous parse tervals aniil July, when days Exp, CXXVi Liver and kidneys” congesled. 
Mex Strain Larmmln became numerous. July 13, Exp. CXXVIL, | Excess of peritoneal Auld containing 
twelve to field. few pas cells; no parssites. Bone 
marrow dark. Glands, except 
bronchlal, not markedly enlarged. 
No paraiites scen in blood from any 
organ.” None In smears rom glands 
spleen, liver. Tn smear from lange 
Were mononuelears containing re 
mains of parasites, also a proto- 
plusmle mass contalning chromatic 
Spots of vanylog ze, lonely == 
Sembling "Pliminer and Bradford's 
"plasmodial msses" 
Exp. LXI 
Black rat. January 6 January 18. Almost always present | Regularly remittent, 101°, August 31 | Not marked. fa 2 ” 
Dushirai Exp. LIL | incubation, twelve | until February 1}. Abseat |to tos occaslonally | sull alive. 
Totrsperitoneally o°§ ec. | days. until March = Last seen | 1042 F 
of blood, numerous para= March 26, 
sites Strala Lamia, 
Exp. XLI 
Large =bite rat.) February 6 Marcy Present for two or three | Irregular. May & as a ” Previously Inoculated 
2 Bosh at. Exp. L Four parasites to | days at long Intervals. Killed by a dog. eee atu 
Reinoculation Antraperitoneally 1c. of | cover. — Incubation, Exp. XXVI, bot never 
bioas You partis | weap Are aay tet 
Exp. LXXVIII 
Bek it. Febroary 4 Febraary 9 Nor tak ‘Avgost 31 “ . ” oe 
Guloeapig. ep. XLIX | Three cover, Io- a sill dive. 
Jolraperiioneally o'§ ce. cubation, fvedayx | absence, anill April & 
of blood, two paraaliex to Never numervax July at 
Bald. Strain Lammin, absent August gx absent. 
=— oe 
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EQUINE TRYPANOSOME 


Iv 
INOCULATIONS IN MICE SECOND PASSAGE 
Date of Appearacce of| Type of Temperate Resa rata . Remarks 
Date, Source, and Mode | Pate of Appearance Pe of Temper Reralt |. | changes In Blood | Sabinoculstlons tM Appearance 
Animal ‘of tnocslatlon Reales tai Record Dy 
Exp. CLVII z cena 
x white August 10 Avpurt 14 August 21 3 = = a 2 
me EL nan HapeextiM | one parttitetocorer,| Parasites Increased Io Lew 
Inrapcsitoncally wih 2 Iocadatlon, four daye | mambers-elghteen Yo 3 
ger of, blosd.) Strain fel 
fone V1. ' 
Exp. CLVIII : Aisin 
ck and white Avgutt 10 Avgost 14 Avgun at e3 . ms = 2 aofoe 
ra ee Asin Exp CLV. One palaste to Gre] Exceedingly numerous — Animal hot 
3 fields." Incubation, | twenty tos Bel. 
foar days 
Exp. CLIX 
epeuvacd neilic Aopen Avgost 17 August 20 . 
aes Asin Exp: CLVIL Very numerous para-| Blaod erative. On - : . 
alten Ne field. nce: | Augoet24 out paralte to 
tation, four to seven | tem felled 
aye | 
Exp. CLK ve |. ce 
iiben ack ie io Been Parateantdeca—| optorine dene = pasion = se Speco age ier pes! 
move As In Expo CLV. ten Brat een | up to time of death, aration z= spe 
uf ove to. Toor felds teen day. i {a blood. 
Tncubstloneven day 
INOCULATIONS IN WILD MICE THIRD PASSAGE 
Exp. LXXIV P i ‘wo mice died six No P. ‘These mice Injured them- 
regents fom) aad ER exvi | au sneered paties.| suabers afer dele fet a i Teeniayrate tases! = selren in capinty and 20 
TOSS] onageneaiy each | One moste! showed drranc othe ond taion, Theo POAC ONTE 
mouse received Or c4, of | many paraites topre-| two days, afterwards the others dled Inthe Bra 
Bloed, sbowiag numerecs | paration, Taeabatfon, | diminished In quantlty and eck orth (vile 
parsltes to. preparation | wo d3yx St times the" bloo!’ was ay) Duration so 
Sirin Horse 1 aegatiee. fess than z 
SIXTH PASSAGE 
Exp. XCIV 1c autopsles of thete mice the | See abot 
Tice wild, hoate March 4 Not cxamlned actil| Parslien were failycon- 2 3 Ope poste dle on i itt uopty of hae mie the) Se ahore 
mice form McCarthy | Rat. Exp: LXXVH (4) | March 16, when sil | stant ia Blood, but ratled yg Mirch, shstees | prea na ond ali eee 
ilies! |_Jovapefoniy with] were found Yo be Ine | in number from tine to Baler ngeaations ERE ICS lire 
|eaneucaepaniesiaye [ieaen bee 4th of pail (thirty Enlarged and Injected. 
| Gover. Stain Horse toro “days duration) j 
jee : thica ‘mouse lived to 
28th of Apel (Sty-aix 
‘bys duration). 
INOCULATIONS IN MICE SECOND. PASSAGE 
1c, Sure, and Mode |P&€OF Appearance of| Number of Parasiics 5 3 
Avimal Date, Squrees and Mode. |" parsitee da the aval sect aad Type of Temperstere, || Resslt || “Changes in Blood. || Sublaoculstinos PeM, Appearances Remarks 
es Peripheral Blood Petfodclty Keconte ic of Des 
Exp. CKXX 
Dick “and hie 2 July 26 Paraalies were constantly vs Aopust 34 F a Spleen, 22 x 6 x 3mm, com] Welght, July 21, 35 
owe: Xxvit_ | Oneparasiietocoret| presenty one tose to pice Died Duration, mencing to decomposes “Ten large | grammes’, Agus 24,185 
iy witherss | tncabatlon, ale days. | partion, On Avent 20 unlny sve day {ysis nilecr,each cootalniog. tape: | frames. 
ce. of blood)” showlng Fery numerous parsites to orm.” Glande at root of logs bot 
filicen parasites 10 held fel), comnalng to day of olarged, very dark in colour and 
Susin Gunjar. doth. firm" Abdominal glands not ete 
larged.Siomach dlatended with 
fiatus, No living parasites seen In 
heart's Blood 
Exp. CXXXI 
Misck and white Juty 20 Joly a4 Parasites, at frst were F: Avpost = Exp, CXXX Mouse puttld, Spleen, 8 x 06 5 
moose: Rat. “Exp.XXVI_— | cTeopusslisva held) one to too to-a bel, ice Died. Daratlon, Esp. CXXX xoyem. Atmargin of ver was 
Iuyrapctitoneally with | incubation, four dayt| on ene. parssie wn every Iwelre day 3 eyat shout size of marble, lane 
erty ecsof blood, shown Tour to Wwenty felts, seblch ws large teenlae ile and 
Iilog paraniestn prepare: Suilary” glands not enbuged not 
ton. ‘Sualn Gunfar! emorrhaple 
Exp, CXXXIL 
Dick aod white July 20 Joly 24 Parasites almost con- 2 August ee Exp. CXXXY. Body too decomposed. #3 
mouse: Rat. Esp.XXV | One paraalictofld.| aamiiy presents it foot Died. Duration, Exp, OXKXVI. 
Tatrapetiioneally with | Incatatlon, four 43yx | ove to fre poiasites lnctecn éayx 
cof blood, showing fil, "Absent oo July 29 
ies inprpsao, and" yo. August. 9) tee 
ain Gunjat. appeated, one srpaniim to 
effie fet, : 
INOCULATIONS IN MICE THIRD PASSAGE 
Exp. CXXXV 
Brown and) white Joly 24 July 10 Parasites never observed & August iz i : Spleen, 20. $5 x 2 mm. & 
mouse, Mice, Exp! CXXXI and | One parative to Geld | spate Fount dead Aislominal glands slighiy enlarged, 
Exp. CXXXI | tncubstiongeven dye Daration, nloe- No parasites seen In blond from 
Inuraperitoncaly with ors Teen day heart 
4.0! blood, showlag two 
Sd one paraaltes respect 
ively, to fell,” Sela 
Gusher. 
Exp. CXKXVI j ; 
Drown and wblie July 24 Jul a m0 a : 2 a Augant jt 
moue. Mice Exp’ CXXXI and | Three’ panes to Los, 
Exp. CXXXID "| held, "Ineubation, 
Toapetiionealy with rs | seven days. 
x ob blond Sho eo 
and ope parsley respects 
ively, to Bell.” Steals 


Gunjar. 


1£ ysn3ny 


so] 


*skup udaas 


‘uoneqnouy “prey 
0} soysvied doy, 
1é Ayn 


smfuny 
ulvng “Play 0) SATOAT 
-yoadsar ‘ousvivd ouo pu 
om] BZuTMoys ‘pooyq jo *9°9 
7.0 tM ATTeouoyadv.nuy 

IIXXXO ‘dxg 
PUL TXXXO “dxq 201 
$z Ajnf 


‘asnoul 
OYA pur uMoIg 


IAXXX9 ‘dxq 


“Aarndes ut Ayavoy 
daay 0} apNoWIp ao1yy 


‘Wd ON 


aye 
isn3ny ‘ate [IPs 
auo § [vate 19qye 
uoos auo £ awoy 
a3ud0A uo auo 
Sysnq ur Avy 
aTTY parp OMT, 


*pooyq Jwsoydrzad ayy ur 
snojaumu 1JaAdu sasvirg 
"gt [ludy 0) dn aotw-asnoy 
PIIM oyi UT Sv padtiou sum 
saysuitd jo AyIpotiag 


ssAvp OM) ‘uOTIeG 
“NIUE *19A02 0} SaiTs 
-vied mop YAM 9214) 
$4203 0)  aysuivd 
auo pey so1ul aay 
$ youve 


UT] 
ulvns = ‘pyay. 0} aus 
-ourdAd} 9u0 Sururejuos 
‘poorq Jo ‘9° $.0 paataoo1 
yova A]eauo odvmuy 
XIXXT ‘dxqg vy 
Z YUvyy 


3 sotdodg 
"ODT UI 


ysnq purysy Ayuvoo 


IIOX ‘dxq 


“pus ou0 Iv wiNnTJasey Buoy v 
Surary ‘poojq ay) Ur uaas 
stm wistuvgio0 avyjasey 
v *suotsud30 o1vl uo faoTW 
ay) jO OM] UI—"aLON 
“Aarndes ur 
Yaeay ur adtu-asnoy asaya 
daay 01 ynoWIp sum ay 


‘advo 
ul paatazar satinfur Aq 
pauaysvy Ayquqoid yywog 


a9°9vssvd 


HLYNO4 


S0IW) GUM NI SNOILVINOONI 


"JNO apeul 2q Jou 
P[nod spuryZ yeurn3ur pue Asvypixy 
*pajsasuo0> jou ‘padivjua Apystys 
‘spuv]3 I1Ja]uasaul os[e pur spur[3 
yeurwopqy = Syvurou — sautysajuy 
*yOUVUIOIS UT puNoj [][eq-sIvY v ‘paisa3 
-U0d JOATT “Wd %0 X So xX LI 
‘pajsazuod uaaydg *I9A02— 0) 
*sdA1y snoy ButMoys ‘poojq jo [InJ 
vay *sBun] Jo uolsaZuod Ayoivd 
WSs ‘samtavd snosas ul ping 
ON ‘tI Jiidy uo pvap asnow uo 
yiwep Jayu Ajayvipawut Asdoiny 


19430 oy) purfyazI 


‘or yoivyy uo 


‘owOY a3vs 
-svd oy) uo om) 
Jayyo ayy £ Aint 
-ur wo A;quq 
-oid ‘uonvpnzout 
Jaye yaom ve UT 
perp asnow 2uQ 


*IOW] Yo v 
inoqy Juaproou Aq 
PrT[IY 29M OM] 
eyi uo Joyiouv 


perp asnow 2uQ 


"gz [tidy 03 dn 
aprul alam suUOTIvAIIsqQ 
‘urvsy uses aiam = Ady) 
asojaq asdvja prnom sdvp 
Inoj 0} OM) aduvIvaddrsIp 
Jaye  pooyq aya ut Juasaid 
Ajjuvysuod asam r9aou Aayy, 
“PpfPey Uv Oy say Jsour oy) 
yw ‘pooyq ayy uT snosounu 


Alaa IaAdU —sayTsuivg 


“sep INOoj 0] OMI 
Joy ju>?squ uay) pur ‘sXup 
XIS 0] INOJ 1OJ pooyq Jvsayd 
-l4ad ay2 ur quasaid aq 03 
punos Aq[vsiaua3 o1aM sayqs 
“UiUg 'Pppoay 0} saqsvivd 
PATA] SOW IY “YUL Jo 
LY puv Areniqay y8nosy) 
Avp sayio0 Asaaa poutwexa 
a1W asayd jo poolg 


j uoTeqnouy ‘uonvivd 

-oid 0) sousvind may v 

pomoys snow auGQ 
8 Aivniqay 


Suonvqnouy *sayts 
pomoys dW OMT 
§ Areniqaq 


*sAvp xIs | 


‘UTWIWey UIvg = “pray 
0} saysvivd inoj 3utrmoys 
‘poojq jo ‘o> +.0 noqu 
ya Ayeauoqsedenuy 
q'dxq ‘yw ysng 
g Arvniqa yz 


sinfuny ulTnag 
wivdoid 0] souros 
-ourdds} imoy Zururvjuos 
‘poojq Jo 99 £.0 paatazal 


youve = Ayuauoytiadvsuy 
WAI ‘dxq “Addng 


of Aivuuuf 


*OOTW 901YT, 
*purys], AYO Wody 
291 W-asnoy 


IIXXXT ‘dxq 


PIEAA 


‘OU INDY 
sp Ay ULI woy 
991 Ul-asnoy 


IIXX1 “xq 


PITAA 


a9vssvd 


qQuyuiHt 


SONA GAM NI SNOILVINOONI 


*pasodurozap 00) Apog 


“sep iy31a-Ai 105 ‘aonving 
If isn3ny 


*ulvau 
Paaiasqo I9AdU SayIsvIvg 


‘uotqviudaid pautvis 
0) saysvivd omy 
Iz ysu3znuy 


skup Aquamy 
‘uonvqnouy ‘uonvied 


"AXXO ‘dxg ur sy 
tr Apot 


‘UIWIUIe'] UTES *saytsvivd 
ou 3ulmoys ‘poojq jo *9°9 
7.0 YM Ayfeouowadvsyuy 


*asnoul 
ATT 


IAXXO ‘dxq 


‘sup omi-Aqstty ‘uoneing 3u | -aid 0} saysvivd omy, XT'dxq vy 
aa *pasodwosap 00) Apog on $1 isn3ny POAIISGO JOAdU SosvIvg £ isn3ny $1 Ajuf “aSnoul eis 
AXX)D ‘GH 
“UT *aoTU DUTY AA, 
“Wt UIVIS *poorg so *2°9 IIXXD ‘dxq 
$.0 ya Ay]vouoyadunuy Ixx) ‘dxq 
CIN“d) 1X0 “dxq "1w0H id 
28 ate a6 oe . *paydojur 1aAaN 9 Aqnf XXO Ec 
XIX9 ‘xq 
s rit 3 yvaq jo avg sploday ileal ad ae poor [exeydriog yypndouy jo wruy 
yIvMsy soouvivaddy "W-"g SuOT}e[NIOUTGNS poorg ur sa3uvya 4 : puv uaas Aqyunsn ayy UL saqisvivg sre gana are yewru 
INS eimuraduay so ad4.1 saustivg Jo Joaquin’ — | yo aduvavaddy yo arg | °POW Pv “9970s “aed 
VAT 


a9vSSvd HLYNOA 


(penuszu09) AO0IW NI SNOILVINOONI 


“prasn3ny “w3 L$g ysra AA 
"iz Atnf “w3 $69 yZI9 A, 


“PATTING 
If ysn3ny 


“OATIU [TNS 
If ysn3ny 


“uaas 
PIey v Ol omy “rf snd 
-ny [un quasqy “juasaid 


sayisvivd inog ‘Lz Avy 


*saytsvivd OM], 
‘pasnjiuad = pool g 
Tf ysn3ny 


ssAep aajamy Suoteqnd 
“ut ‘ayisvied 9uQ 
Sz Av 


smfuny ulvng ‘uaas 
sousuind Aurpy *pooyq jo 
‘29 $.1 AT[vouoodunuy 
IIAXX ‘dxq wy 
oz Ajn{ 


‘inf{uny ulvng “poojq jo 
0°9 $.0 Ay[eouoqadunuy 
WAXX ‘dxq ‘1vy 
£1 Avy 


“Bid-voulny 


HIXXX9 “dxq 


& *8id-voulny 


AIXD ‘dxq 
“AD “dxa 
"XIOX “dxq ‘UIWWIY] UTeNg ‘Udas 
"XIXXT “dxq ‘porIva SJOQUINNE “Yvap 0} jskvp auo-Aquas) | ausvivd ouQ “poojq 0 
"MIAXX ‘dxq *sAup III quasaid Apuvisuod ysowye | SuoTqnouy *uaas W294 | ‘9°9 S.0 Ayfeauoiiodenuy 
“yivap LTAXX ‘dxg ‘uonving “porq “gq | ‘snolowmu Apis 77 Arenurf | v ‘padnytue. poorg IAXX ‘dxqg ‘1ey “w3 £¢t 
210joq YIM UTY] DULIOg “Lb a8ud S10da1 "Wd 225 "IWIX ‘dxq *payivi ZuTyoN § Judy ofOl 0) gZOl ‘wypNZosy | ‘oysvivd ouo ‘17 Arenurf § Aivnurf $1 1oqwoz0q 1BIOA\ “Btd-vouny 
XITX “dxq 
. Ayotpotiad pooyg pesoydriog 
fe a Reh n waq jo 21¢q sp10d2y UAC St iter settee uonvpndouy jo 
SyIVWUIIY saduvivoddy "W-'d suonvpnozourqng poorg ut so3uryo q . pur uaas Aqjensn ay) UT saqsvitg ; td ee vunuy 
ynsoy ainjwiodway, jo adA soustitg Jo 1oquiny jo aouvivaddy jo a1vq apoyy pur ‘aoinos ‘a,7qg [ew 
a9vSSVd GNOOSZS SOid-VANIND NI SNOILVINOONI 
"XI 0510 
ulvyg *poojq jo dop 
3u0 Ayjeauojrsadunuy 
“OATTe [TNS xo ‘dxq wy 
are a an o 1£ isn3ny Oe oe *paqdajurT WeINq OADN t1 Av P ‘Bid-vautny 
IIIX9 “dxq 
*s13ey0 wary 
spurys 10]UssoW put yeUTWOpqy 
*pozivjus spuryy ‘Ayvoy suv3s0 
JOIO ‘aed AVY *AqAvd Jvau0y I 
Tod ur poorq ‘poinjdns pua roldjue asioH UIvNg ‘UaaS sayIs 
‘padivjua Apysiys usadg ‘spurs tehithe} -vird s NN “pC 
Jeurn3ur yay mou Jayjour ‘wnusais “AMON OX *sXup ouo-Ayiyy jod 000'6$ pur ocottz *sAUp INO} UOTILGNd | *9°d S.0 Ayrouoodudyiy 
“poor Buryv. oY Buly | Joao uryYsS Jopun viwowwory PIO AIXXX “dxq *s][a2 par | ‘uonring “pad “A of OI 01 of0r | u9a.M19Q poteA ‘asad | -uy *saysvied uaz (a) xr-dxq ivy 


-puvy Jaye palp jvwmiuy *ylwop 19Ye ApOIVIPOWWT paMlojlag THIXXX ‘dxq |jo uonnurmip oN QZ JOQUIZAON “payaso A]quajsising ApJULSUOD APITVS SyISVIv I 1oquUisAON 8Z 19qQ0190 ‘B1d-voumny 
IIXX ‘dxq 
A9vSsvd GNOOSRS 
‘uses soytsuivd ON “W-'d 
‘uaajds ay1soddo stsowAys92 [vau0) WW VALI LUDA WOLJ pooyq jo 
stad yvjotied yg = *padivyuo lou ‘sAvp outu-Aquony ‘wus rod coo'gg «‘yivap| ‘skup iy81a Suoreqnd | ‘a9 oO: Ayeauoyadesiuy 
“‘yywap yw SISOpIOT | spurysyy “yxIvp udajdg ‘sto Od “s[[99 por | ‘uolving "paid SPiv.WO} Saytsvid snosounu | -uy “uacs Way AIDA [ 9sIoH “wi3 Ugh IYZII AA 
“yivap dJ0Jaq suOTS|NAUOD =| ON ‘UdWOPQe UT pIny ivap> awog a jo wonnurwip oN $1 1aquioaon “HOSOI 0) gZOI “IyNZouy | AtaA  *APULIsUOD APTLY $Z 19q0}90 Lr 19q0}99 *Bid-vauiny 
IIx ‘dxq 
yeaq jo av splod0y Ayotpotied poorg wsaydr 
syIvMay saoduvivaddy "W-'d suoreyndourqng poorg ur sasuryg Weed Jo oved ainyeiodiuay, yo adh put uvas Aqyensn ay) UL saisvivg jewluy 


ynsoy 


Soysvivg jo JoqunN 


jo aouvivaddy jo a1vq 


39vssvd iSula 


AWOSONVdAUL ANINO 


SOld-VANIND 


Ni SNOILVINOONI 


‘stu g.otoz ‘1£ yoe 
sw3 Lg$1 ‘zz 1oquias9q 


‘aatye 11g 


*‘yuosoid saqisvivd 


rz Auf pur Lz 
fudy ure8e quasaig ‘1 


*sAup 
auo-AquaMy ‘uoTZqQnd 
“UJ ‘JOAOD 0} OMT 


‘UTIL UTS §6“pray 
0} ausvivd aUQ “poocTq jo 
‘2°29 §.0 Ayfvauoyadvsuy 

IAXX ‘dxq 17Y 


| 


4 


—iysIa Ay, . us “QUON 1£ ysn3ny uoym = pasivy = Apy3yg | uv 0} dn Ajoivs quasoig zi Aivnuel Tz Joquiasaq iqqui A933 pur arty AA 
IT ‘dxq 
“UIWWET UIVIIG §*I9A09 0} 
saysuivd 1YZIq “poojq jo 
29 S.1 AT[vauoyiedvsqUuy 
IAXX ‘dxg vy 
£ youvyy uoI}E[NIOUIBY 
“pay 02 saqtsvivd 
OMT ‘poojq Jo ‘99 $.0 
XITX ‘dxg ‘Std-vourny 
§ Areniqog uolyE[NIOUIaY 
*19A09 0} 
soysvird 9ajaM ZT “pooyg jo 
*Areniqaq rad Aq ut otadas A] | ‘x2 1 Ayfeouoysedenuy 
UT SHIM DIY) JOJ sSTIYIIO *stytuaqds -juanbasqng °6 Aivnurf yn | IAXX ‘dxq "Ivy 
aantinddns wo pasayng | -Wag ‘uaajds ul ssadsqu d1u0IYD HO ‘dxg ao Lz yoy “UN "Y ghOI-g£or ‘Aprais ze “paydajuT OWLIIG IOAN, f iaquiasag 9 “qqel yovIg 
IIT dxq 
39vSSvd GNOOSS 
“poorq Jo 
‘29 S.1 Ay[vouoedvsuy 
*OATTL [TNS IA asvQ ‘tpuajoqvy yw Aog 
aS ws oH u 1€ ysn3ny i 2s *paqojUT 9WIeI9qg IOAN $1 judy & ‘uqqui yovyg 
HAD ‘4xq 
dd 3 yvoqg jo avg spi03ay Aaatro OCIS IEIoU GI 2eL uonr[nsouy Jo 
SyIvUIDY soduvivaddy "We'd suorjvpnoouTqns poolg ut sazuryo s puv uses Aq]unsn 94} UT SaUsvivg jo papi i jvutuy 
ynsoy ainqeroduia,y, jo addy, sousvivg jo saquuny souvivaddy Jo 210q apoyy pur ‘adinog ‘a1vq 
4a9vssvd Lsula SLliddVu Ni SNOILVINOONI 
*paysaZuod Apystys 
ulvig ‘snojwuapso §  ‘paysa3u02 
sdunJ ‘Aqqep ‘ayed op>snu qeazy 
‘wnIpivotied UT pIny 9WOg ‘[vWIOU ‘a 
Wnsuo eg ‘pasivjus jou spurl[H oz-Lor ‘EZ raquiaaon § “4 
‘Juonip ‘yxIep ‘padivyua you usajdg oL0O1 foz JaqWiaAoN : YSsTY *poo]q UI Saysvivd sno 
‘sw3 $.£191 | soho Jou Souviqmour snoonw wos ‘sAup daly) | poulvMmay “A of.Sor ‘Sz (mud ssAup udaqTyy Suor | -rouINNY *AyTvoUO Ad eQU] 
“$7 JaqWaAON £*suIZ COO | DdIvYISIP ON ‘U2TJOMS OU S9[dT) -Ayy Suonving | 1990190 $ “A 98.901 “61 Jaq | 0) Ooofz) snoroWNU Aqiyy | -vqnouy ‘snort ] 9sIOH & ‘NQqvs oy AA 
1 aqowg =—AYSIaA, | -say, “BuTuauWOD uoTtsodwo0I2q - oe Fz JOQWaAoN -0199 $asol ‘gi 19q0}9Q | pur quasaid Aq[esauayH $% 1990190 ZI 19q0199 (9) 
XI dxq 
Aytotpotiad poorg [eydiag 
ae F yivaq jo a1%q sp10d2y site iok uoneypnd0uy jo 
syIvWay saouvivaddy ‘W-'d suonvjndourqns poolg ur sazuryo : puv uaes Ayjensn ay) UL sausvitg Ay, ee vwruy 
ERI amyeraduiay, Jo add], soyIsvivg jo Joqunn jo aduvivaddy jo a1vq SONS RUE Nes 72) a 
IA a9vSsSsvd LSS Ligavy Ni NOILVINOONI 


HWOSONVdAUL HN 


rae 


In 


Od 


*paydajut jou {9 plidy 
‘pooyq ‘2° £ payejynoour ivy 
‘a‘b (awosourdAy 
uvwny) JAXX’ Ajowiog 


“MATT TTNS 
If ysn3ny 


*paqdajur atuvdaq J9AdN 


‘TL 9sI0H uIvNg ‘Sous 
-vied snosouinu Alaa ‘pooyq 
‘29 £.0 Avouoyiodvsquy 

ITAXXT ‘dxg "IVY 
£ yourypy 


& ‘xusyds snpvydaroudg 
“uooqrq ][vUIg 


IIIOX “dxq 


SaSVSsSvVvd 


HLXIS 


‘A oOIr ‘yop 
aJOjag dNvisdUla} [v}I9yY 


*poqdajur Jaaou 
$yywap rae ATeIIp pooy]q 
qivoy ‘o°9 §.£ yt poiyjnso 
-UI S}t1 OM], ‘pounstod 
Ayqeqoid $= ‘yywap = as0jaq 


*poorg WLM pasi03 yivoy 


WsIY  ‘Suorsay pestdodso1vU ON 
*paysa3uod 
yonw =suviquiow snoonu ‘poo]q 


pesaye paulvjuod yIvuroyg ‘uoNe 
-1auadap Ayvy paysIvw pamoys JoAVyT 


| ‘oyoNs voy woly 


Sz Aivniqeg 


*ylvop fo yurlod 
uO UOYA Poly 


*payddJUT WIVIAq IOAN 


"ywap jo 


‘T asioy ulens 
‘solisvivd snoleuinu ‘pool 
‘29 $.0 Al[vouoyiedenuy 
WAX ‘dxq ‘wy 
1€ Asvnuef 


“A OSIOH UIeNg = ‘UurUI'D 
0} saytsvitd coo’sgz ‘poosq 
‘0.9 £.0 A]snoaurynaqng 

AIT ‘dxg wy 


9 sxuryds snpvydoruty 
‘uooqrq U.Mo18-j]vy 


AXXT1 ‘dxq 


9 sxuiyds snpvydarouty 


skep aoiyi qt Aoyuowy | ‘Teusou udajds puv Sivay ‘s3unq ‘WXXT ‘dxg As $z Arvenurf oe ait] 0} dn uaas jC or Asvnurf ‘uoogrq [[tus 
IIIXT “xq 
‘T 9sIOY UItNg ‘wU'd 
0} soysvitd oooffFt ‘poorq 
‘sAvp moj ‘uoneg | *2'°2 §.0 Ajsnoaurynoqng 
“PI loquia.0g -nduy *J9A0 0} INDY WAX dxq ‘ivy ssnoiyiadoapy = *AOYUOW 
Sy81u  Burnp podeosg aes oe ae ag pe ae $1 roquiasag OF Jaquaseg DAOIZULUT yews 
INIXX "xq 
ywaq jo awq Sp10d9y ipl gen! let ane Chee uonynzouy jo 
syIvWMsy soduviveddy ‘Wd suonv[noourgns poolg ur sosuryo eds q puv uaas Ayensn ay UT saiseivg & t jeuruy 


ITA. 


ynsoy 


aimiviodwiay jo addy 


SoyIsvuIvg jo Joquinyy 


jo aduvivaddy jo a1vq 


Dpoyx, pur fad1nog ‘avg 


a9ovSsvVvd 


Guin 


AWOSONVdAUL ANINO 


SABMNOW NI SNOLLVINOONI 


*yuad sad 9 - . - . - s]vuorisuvsy, ‘yuaa sad + - . . = s[vuontsuvs f, 

*yuad od g a S - - IvapINuOUOU aFIvT “quad sad I rd = = = Jeg} nuouCW aZie'T 

"quad Jad 07% = = - - soyAo0ydwAy adie J—svapanuouow aSiv7J "Jud Jad S.o1 < < = = saA00ydwA] a8iv-J—ivaTInuoUOW a3IvT 
*Ju92 Jad 0 - — Tapanou svpnZoiT YT ‘od "quad ad $.0 - Toponu svpnZouT YT ‘od 


HNOSONVdAUL NVNOH 


*yu90 Jad 7£ = - - - - sayA.0ydurA-J — 1voTInNuoUOW T[vwWsS "quad sad Lz = = c = . sayAo0yduiAJ—siva] nuouow T]vurg 
“quad ted = = = = = = = B s soptydoulsog ‘quad sod Z = = = = 2 = es e = - saftydoursog 
"yuod Jad 6% = 3 cS = S - - - - so[tydonnan. *yu99 Jad o$ ci = e B = & 5 a = saptydonnoy 
gz asngny € ysn3ny 
INNOO ALAOOONAT TVILNAAddsdIC * 
*yIvyD 33g 
*Ie[NZoIT Udy} 9dUTS AAIND sinfuny uleng ‘play 02 
‘uesoId =saysvird uayn saustied OM], ‘pooyq jo 
#S]]99 JITY JO asvaIDUT ‘yy8tuyoy sy ut jiede ‘supqsaad v14v]2y QUO put] “9d §.z ATSnosuTyNoqns 
ON ‘GH pur sya. *OATTE T[TIS yoom & (*Y QhOI-gf01) ‘slaquinu [[tuls ul puv | uses aistied aug IAXO SAXO ‘sdxg *siey 
- “3 an pol UT asvolzap oN 1€ isn3ny Joao Jo spotiad omy, | Al[euotseaz0 ATuo Juasaig € ysndny tz Ajo 6 ‘sezurdury9 
a9vSSVd GuYiHL SaZNVdWIHO Ni NOILVINOONI 
‘UTWIWIY’] UTENg *SaqIs 
-vitd SNOIOWNN ‘pool jo 
‘9°09 $.0 A][vouosiedviqUuy 2? 
‘aaT[e [QS XITX ‘dxq “Bid-vouny | sxuryds snpvyder0udg 
a sa fe ee 1f ysn3ny = *paqdajuT 9UIeIaq JOAON $7 YUL ‘uooqrq Zun0x 
XIOX ‘dxq 
‘UIWUIvT] UIvNgS "play 
0} saysvivd Mog ‘pooyq 
jo ‘x9 I [vwtuy ouivg 
gi Arvniqag UO!ze[NIOUIOY 
“sous 
-vied SNOJIWNN ‘*Poo]q jo 
‘a'b (TIX *dxq) arts 29 g.0 Ay[vauoiiedvsuy 2 
-vied asr0y YIM payvpnsouy ‘ATE [TNS XITX ‘dxqg ‘Bid-vauing | -xusyds snyvydo20urg 
£ your] a i se If ysn3ny oe ie *payoajur auv20q JaAON 1£ Aivnurf ‘uoogeq 3un0 x 
IAXXT ‘d*q 
= 
‘UIWIUIL'T UITIIG "Bo]TS 
-vivd SNoIIWNN *pooyq jo 
‘29 S.0 Apsnosurynoqng 4 
‘ayONSUNS WOlT XIXXX ‘dxq Ivy sxuayds snjvyda20us 
> ca ae a zz Areniqag a8 ss *paqdajUT BUIvIOG 19AIN or Arenuv{ ‘uooquq SunoX 
. IIXT ‘d*q 
UnWUIeT UTES "play 
0} saysuivd auIN ‘poolq 
jo ‘9° 1 ATsnoauvindqns re) 
XIXXX *dxg wy *xuiyds snvydor0uh a 
a ss a Z Arenuvf{ ot s *paqdajurs auvI9q IDAIN g Jaquiaseg ‘uooquq 3uno x 
AITX 4%q 
: Aytporiad poorg [vsaydtisg ae x 
sysvuay soouvivaddy ‘W-'d suontnzourqng poolg ur sasuryo ied 30 Sed Beat Waa put uaas Ayfensn ay) UT saustitg uone{nzouy jo jewruy 
yusoy ainjeiodwmay, jo adAL sausvied Jo Jaquiny jo aouvivaddy jo aq 2poyy pus fadinog fajvq 
a9VSSVd GdyIHL SAZNNOW Ni SNOILVINOONI 


‘avinoyd UT pINy awWog "ping paulvis 
-pooyq YA papuaysIp wnipivseg 
svyuowovy A]paxivur tJayuasour 
auQ ‘“UMOIG-HIUp |e Jo vI]NpayW 


“snojvulopao ‘paZivjua spury3 1940 ‘] oSJOPY ulvng ‘uaas 
Te ‘pe8ivjua you spurys yerysuo0iq “ylvop d10Jaq sousvined Auvpy = *pooyq 
“Haq ‘JeWsoU asTMseyJO ‘syDIvJUT ssXvp usaqoutu | “y 496 0) ,OOI Woy [Ivy “yivop ‘sAvp sary ‘uoreq | jo *2°9 1 Ayvauoqsodesquy 
Jeroysadns quasar ][vus Maj uaaqdg ‘uorwing “paid | uappng ‘saisvivd jo aduv | 0) dn pasvosdur Ayjunpvid | -nouy = *uass may y XI ‘dxg ivy 
we ‘ugwopqe ul piIny snolJas IID oe ae OI IoqWisAOoN -ivaddv Joye quayIWay | sioquinu “juasqu 12A2N $z 19901990 77 12qQ0199 *Addnd dantn 
IIAX “d*q 
a9VSSVd GNOORS 
‘par yep ‘morivul su0g = *paysa3u0d 
Apysys ulvig ‘s8uny jo uonsad 
-uod Aydivg = ‘yvay jo ‘uedap Aywy 
*pavdtiad ul piny ‘sttpivotied 1YystTs 
*213eYyIIOW 
-avy [votased § pamnojod 23¥7o30y> 
Jvquin] pur d11a}Uasow £ snoyeWIps0 
puv pasivjue spuvjy ‘avtuet) pur 
vyvwoyso[Ayur AULW PaUIvjUOd 19})7] 
$ pajsoZuod Jamoq ][vws puv wnusp 
-ong ‘paysaduod “ws LoS “1aar] ‘A otOl “Uru 
‘ayquiszy ‘paysaZuod “w3 rr ‘usaydg 0) for Ayjensn “gy Sor | Jad saytsvivd ooo'£r ynoqu “udas saytstitd Mag ‘poo[q 
‘usWOPge UI PINY Ppainojod-sv1ys ‘sep xts-AyTy) | IM] “Yvap TT] posvadde | ywop aiojaq yaan ev 10g | ‘sAup udAeya ‘uoreqnd | so ‘9'd £ Ajfeauo saderuy 
‘2° OBZ INOgY ‘[eWsOU seuvIquoW ‘uonving ‘patq | sayisvivd aiojaq = sAup | ‘uonvivdaid 01 xIs 0} aa1y} | -uy ‘sausvied sory, A 2s810H ‘umol3 
= sno, = ‘yjvap Jaye sinoy xIg e3 oe € Asenuef aa1y) Woy juaNIwoy | noge ‘snossUINU 19AdN 6 19quiasaq gz JaqUioAoN sey ‘Zop oanen 
XXX dxq 
‘OMIP SATII IIIT put vjs0v 
Zuolt spuryZ jo survey = ‘snourvja3 
‘poinojod uMolq ‘[vJusWO pur 
DJoluasayy «= *paBivjua spurs [cur 
-wopqe [Ty “luanyIp “y1vp usa|dg 
‘voy «19A0) «~payleu ‘stTprvdtied *wul'd Jad saytsvitd oooffz *uads aysuivd 9UuQ = “pocyq 
quaday = “Jaal] JO Sassadsqe [tus ‘sXvp om}-AlTy} “SI I9qUIDAON ‘yavap | ‘sXvp ysro ‘uoreqnouy | yo *9°9 z Ap[rauoysedvsjuy “plo syoom 
*paiday | ‘snoywuiapao A]poyxsvu xvJoy] pur ‘uonving ‘potq ‘pasvoddv | 0) dn pasvasout Ayjenpvs3 | ‘soysvivd snosowunN J 9SIOH aaiyy ‘Addnd aanetn 
-ul ‘AIXX ‘dxqg “v1 ysng uowopqy jo onsst} snoaurynsqng "AIXX “dxg a 41 19qWaAoN sayisvivd Joye jusyIway | uasqe Joaau sousvirg Fz 1990190 QI 1940190 1IX ‘dxq 
‘sousvivd | ‘ajvp oj dn yuasqy ‘uaas 
Jo auvivoddvos yova yita | Ay[euotsvs30 Ayuo ‘Ajuvds ‘uaas austivd 9UQ = *poolq 
*poqdajut owivsoq “TA XT ‘HITO ‘dxq P2PIIUIOD “J QOL 0} yZOI | A19A Arvniqayo1dq ‘sno ‘sup outu ‘Suomi | joo" £ Ayfeauoitsadvsuy 
“AX 'Sdxq ‘sivy "JON pur TAX ‘dxg “OATU NS | ASTY "A of. FOI 01 OSOI Sous | -JoUNUIOAVN ‘IE 19qQ019Q | -NdUT «‘Uaas May VY I esioy 
Buoys s~ ‘swojduAs on me "AX ‘dxg = 1f ysndny -viud jo aduviveddy yA, =| 0} ~pasvosUT sioquiNnN $Z 19q0199 QI 19401990 *youg aanivu ynpy 
Ix ‘dxq 
Ayotpotiad poorg [es9yduag 
I aouviveddy "W-" suonvpnrourqng oolg ut soZue yvag jo avg Sp1099Y uv uses Aqjensn ay) UT saysede igen ad Mic deded vuiru 
syIvWMIYy saouvivaddy ‘W-"d ney Tang pool ut Yo ynsoy amyviaduiay jo addy, Paid Te Pr sie ae apoyy pur ‘somog ‘arg yeuruy 
TITA a9vSSvd LSuld Ss90d NI SNOILVINOONI 


AWNOSONVdAUL ANINOD 


*(paqyoayul I9AaN) 


“aarye [TNS 


“A oIOr Suaaa ‘dwi) Judy 


‘vp Oo WUOsSqY “punoy 
Ajaivr Judy puv your 
suring *sAUP XIS JOJ 
wasaIg “waas uaAas Ua 


“Ez Jaq 
-wiasaq 01 dn sate au 
poo[g ‘uoas saytsuied 
OMT 3 
-11199 *pooyqg Jo *9°9 S 


“uUTMWey UNG) “udos 
sousvird uay, *poojq 4o 
‘x9 §.0 Ayfvauoyiodunuy 

"Wi aug 
€z laqua.aq 


an 


“ud0s 
svivd duIN ‘“pooyq 4o 
£.0 Ayuauoyuadyyuy 


XIXXX ‘dxq VY 


sail 
Bs | 


uol}ENIOUIBY 


"By ZT VWYBIOAA 


“Zop Zuods a8irjy v Mou sy | oi “MAXXXTO “dxg *sadutyd ON 1f ysn3ny jopuyg ‘WAT‘dxqgursy | ‘1 Aieniga,y o1 dn quosqy g doquia.0q & ‘Addnd qyutsg 
‘ATX “dxq 
a9vSSvd GuYylHL 
‘uoas Inoy 


*pur[suq 0} Juag 
‘UMOIZ [JOM sua Tf Jlidy 
Aq ‘payayrun yiyvayH 


“IWXX'T “dxq 


*sasuvy> ON 


“pIvoqgIoAo T]9q 
Atl 


“parry AT[eUSPIIIV 
z Arenurl 


“wOjTUN d10lW 
duo} Judy puv ysvyy “y 
5§OF 0} gIOI posuvi sai's 
-vivd Jo aduvivadde Jay 


ysour ye “snorjownu I9AaN 
‘judy 01dn ponumuos sty.p, 


‘sAvp qySta Joy quasqy 
sAtp udAdsS OJ JUsSIIg 
‘r€ Aivnurf [NM yuesqy 


“Sz Arenurf |] juasag 


i skp 
g1-6 ‘uonvqnouy ‘uaas 
auou “$1 Arvnurf oj 
dyn ‘sausvivd oy, 

zz Avnur{ 


z Arenurfl 0} 
dn uaas jou saysvieg 


‘inf{uny ulvng ‘uaas 
saytsvivd xIg  *poojq jo 
"29 $.0 Apfvouoqsedunuy 

WAXX ‘dxq "vy 

g Arenuef 


‘mfuny ul~ng ‘uaos 
aysvird ouQ ‘poolq jo 
‘x9 §.0 Ayeauoyadvnuy 

WAXX ‘dxqg "Ivy 

€z raquiasaq 


wd Lhz‘r Systajy 
& ‘Addnd yfvurg 


IAT ‘dxq 


p ‘Ahddnd qeurg 
XIXX “dxq 


syivway 


soduvivoddy "W-'d 


suonvpndourqns 


poorg ur so8uryo 


ylvaq jo avq 
qyasoy 


spi092y 
ainqvioduiay, Jo adA 


Ayotpotiad 
puv udas Ayyunsn 
Sausvivg jo 1aqunN 


poorg [wiaydiog 
ay) UT saysuivg 
jo aduvivaddy jo ayvq 


uoTivpnsou] jo 
apoyy pur ‘oo1nog ‘aivq 


jewuy 


a9vssvd 


GNOOSsS 


HNOSONVdAYL NVYVNOH 


SDOGd NI SNOILVINOONI 


*poayooyur 
auivseq JTAOK ‘“dxqy 
wY XX ‘sid-eauins 
JO "IN 2 pageyenoouy 


‘TWAOX “axq 


SENS ES 
1f jsnsny 


“sheep OM} 0} 9UO 
Jo} evixa1hd [vUoIsva90 
SYJUOUL OMY SAY IOIFV 


“sno 
-IoUINU JdAaNT UO] 
-noour Joye syaam FLY 
B puv aeiy} JOF SuOIS 
-SIULIOJ UT UBT JUOS91T 


| 03 opISvied 


‘sAep Anoj ‘uo 
-eqnouy = ‘dijsaaa0o | 


I Joquisdaqd 


ules 


poolq Ajpeouojodusjuy 
2g) [IXxX “dxq 


*] astoxy 
1 ‘udes soyisvavd 
Cuvyy ‘ooint usayds pue 


soid-vournsy 
ge AIQCUIAO NY 


P ‘plo rea ouo 


ynoge ‘yeoB Adin 


AXXX ‘dxq 


a9vSSVd dGYyIiHL 


TIAXT “4xq Fe 
Os[v sv ‘pozoojur aUIeI9q 


; “e 99°% 
‘sAep OM} O} 9JUO AO} 


*1£ 13q0} 


‘uaas soysvied 


‘soysvavd jo aouvived vixaidd [euoIs¥s0Q “BT | -90 aduIs juasqy ‘sieq) — ‘sXup 9024} ‘UO SnosaWNN = “poorq Jo | 
-dv Joye syjyuOoUL dA TANOIX ‘dxq | | -n.doi4 AIDA Spremiayye | -uINU []eUTS UT Ajuo pur | -eqnouy sdysasaos | *9°9 § Ajpeouozedeszuy | 
pazzjnoour ‘TAQX “dxq ‘THIILAXT “Exq “SATE [OS $-q 52.Sor ‘sazisvavd | uaas Ajares soyisered | 07 ayisvied ug | J estoHy |"plo 4ivad auo ynoqe 
‘QUA *ssouT]E JO SUSIs ¢ TAX “4xq 184snsny | jooouvavadde uoasoy | '1f 4s9qozQ 07 dQ gt 19qo9O, | $1 19qo}DO \1v03 popes umoig 
| X ‘dxq 
yavuioy Seouelesdd | a yea Jo oye spi099 y Syroipotsad | poorg peroyduieg | uonrpnsouy Fo puny 
syivuie soouviveddy "py" suolqENoourqng ooT ul sasuvy’ i 5 Cee uv uses Aypensn ay} UL SoySVIL JO s at alivesmeem| yeunuy 
V Wd | q Boog 1) | yNsoy ainzesodura y jo ads 7, lene jo une ue seadae jo Sd SPOT PUB 994INOS {9}LC, 
| | 
XI BOovsSvd Lsuyld SLVOD NI SNOILVINOONI 


AWOSONVdAUL ANINOA 


“LAIN uo saouuTyy 
0} parvaddy yor 


*Joods9ary ul Surpury 197 
-je U0OS palqd, “puvpouy | 
0} JAS Sulsq a10jJoq 
ysnf pazeynoour peunuy 


“poyelo 
-eula auIvdaq 6z YIP] 
WIOL “SYZUOU OA} 4S1Y 
OF FYSIOM UL pasvaid 
-uy ‘AeMe aTIYM poi 


-sosuo0d AQY.Sys uleIg "psino 
“JOO d}yETOIOYYI Jo SLSVYAIOWOPY 
JOYPO SPULLS SAV] SAlozAV IVYL 
: ‘svad jo ozIs ‘spurys 


SLSR YAIOWOvY Ajoz9];d Woo 
Mop AdOPUOSOW UT 


yAvp souo [pews awos fs 


ponopor oyPPOIOYI y yIM VoOs*yoou 


JO oor pure snsvydosao 


spuvyry *pasiejuo spurly "jeu 
"sus 0g Usa]dg 


-1OU SULSIC) 


-WOdAP 00} aSBIIED “"J-"q "ON 


“UMON q 


IAXXXT0O “dxq 


“poy 


yeus 


TZU "W-'d 
TIX 
pee es) 
2S.) 
“*XIXO 


W 

‘dx 
‘dx 
*dx9 


‘dxq 


Suoye 


*pasod | 


jfasuvyd snoraqo ON 


‘OAT TINS 
If ysnsny 


eval 
(yaaa pag 
5 ynoqr) Avy 


“sfep 
Sz1 ‘uoleing 


“PFI 
2 Judy 


‘YT o401 0} ,901 
‘6z YOR] ‘Soyisvaed jo 
aouvieadde yy popro 
-uL09 AT[ENSN “WT y9OT 07 | 
ainzestoduiay jo asiy 


Arenigay wolf Juosqy 
‘udas A]]BUOISvIIO ATUO 
‘2019S AIDA SOUSVIT FT 


ON 
UIRIIG “ppeyY oF says 
‘uaas Joquinu |-eied OMT "pooq fo 
Ney ‘poasngrajuas | :9°9 b Ajsnoaurynaqng 
pooyq Jo "99 § HTAXXXT “dxq “s104 
4 Aine Ec pudy 
"UTE" 
WUIRGS "Spay ae.1yy 0} 
ayiseied sug “pooyq jo 
‘oo 1 ATSnosueyNIqNS 
‘6z | XIXXX ‘xq ‘ey 
Judy 03 dn jyuasqy fz judy 
*soyisvaed ou po 
-]edANI1 suOTZeUILUR *uLUIUTe’T 
-xa Ayiep 1£ saquias | urey4g = “uaas sayiseied 
-aq. 07 dg. ‘poojq| aun = ‘pooyq Jo "9°95 
posnylajuso Ul UdaS o.0 Ajpeouoysdesjzuy 
sopisvavd yy BIG XIX XX ‘dxq 7k yY 
4 Saenues g Jaquuasaqy 


DS  }vo0S yNpYy 


XO ‘dxq 


& "7eoS py 


IXO ‘dxq 


“plo syyuow 
9014} ynoqr PM 


IATX ‘dxq 


S9vssvd dGulHL 


Aviero.Ce) CEscl 


Pe SEIS 
1€ jsn.sny 


"payday 


UL aINvdIAq IDA 


sanfunyy uretjyS 
“play 07 soyisvied uay 
“poolq peywyip jo *0"D 
S.€ A]peouozsedesyuy 
HIAXX 9xq “3eY 


1£ Ajne 


& ‘yeoOR ]]eus 
AITXO ‘xg 


SYIVUIDY 


saouvivaddy "y-"q 


suoTze[NIOUIGNS 


yyeaq jo 9eq 


poojg ur sasuryy qWNSaxy 


sp1099Y 
ainzerodwia y yo ada y, 


Ayorporad 
pue uses Ayjensn 
SoyISeIvg Jo Joaquin Ny 


pooygq Jersydisag 


OY} UL SayISeIL, JO 
osuvivadde jo ayvq 


uone[noouy jo 
SpofL pue ‘9IINOG ‘9yeq 


yeuru V 


S9vSssvd GNOOsES 


AWOSONVdAUL NVWOH 


SLVOD Ni 


SNOILVINOONI 


*paadasqo suloz 

-dwiAs ou piudy jo pua 03 
d ‘ABM UO paip ‘pury 
oe 0} poddrys jeuiuy 


*posodurosap 00 |, 


"sep ZBI IDAO 
uonjeing "psd 
(4994 paryy) SETA 


“WT 9901 07 ,Sor ‘erxa1hd 
Jeuoise900 | f repn Boa 
AJOA ‘AayeJ “sayiseivd 
jo aouvivedde yy 
Buiprouioo “yz, 4or 
0} OSI [VQ divys 


“Judy jo puo 


oy dnjyuasqy ‘4 ‘uvfo 


yuasoid ApjULysUOS 4ynq | JY SId 


a 


*L assOPT ures 
| ‘watu"d ad sayisv1ed 0009 


‘sep | Sururezuoo pooyg Fo *9°9 


‘uoleqnouy 


MAJ ‘ZI ‘11 for ‘aq | ‘saysvavd “jysiq 


uo snosatunu Aye 


8 Jequia.9(7 


S,o Ajpeauojadvayuy 


IIAX “¢xq 3° 


Of JIQUIDAO NT 


“PIO syjuoUur XI§, 
Pp ‘daays aaje nN 


IAXXX ‘dxq 


39vssvd GuylHL 


*paarasqo suloy 
-duifs 319430 ON ‘pua 
SPpIBMO} Uy] oUIeIagG 


“6h a3rd 
Saoday "WW-'d 39S 


TIAXXT “xg 


*sAvp Aj10F 
uolheiIn(g “paid 
z Areniqoay 


d3aaHS SAILVN Ni 


SNOILVINOONI 


*sKBP OMI IOF YT 4801 ‘zz 
Aaenuef ‘yy 4zor aAoqev 
Joaou zi Arvnurfoydgq 


“sos 
-eied 9014} A[UO paulyy | -eqnouy 
-u0d poojq fo "9°D S,o 


Ayyensy "Moy AIDA, 


S$ Arenuel 


“sep dAjamMy ‘u0ly 
‘BuLsngiqy 
-Udd 19 May AIDA 


"yT esi0y 
ureajG  ‘udas SayIsvied 
Aueyy ‘“poojq jo ‘9"9 


S10 Ajsnoourynoqng 


HIAXXX “@xq 3 y 
be soquaoaqy 


| AR 
-[Nq aaneu yyNpy 


IIIATX “dxq 


a9°vssvd 


HLYUNOA 


*yywap dsojoq uly} AIDA, 


“gt a3ud 
Saoday ‘J-"d 22S 


SHAIVUIOY 


soouvavaddy "W-'d 


suonepnoou Iq nS 


“sAep AJUIM} 


uoneing “paid 
Li JaqUoAON, 


*S1 JOQUIDAON 


| 


asia qysyg *g Jaquua | 


“AON UO UlVSY ‘poywa 
-9]9 ‘9 OF F raqUaAON 


‘hep }XOU TPF fy FOL | 


0} asor ‘oF 19q0,QO 


| yea jo eq 
YNSOY, 


SPIOIIYA 
oanjzesoduia f yo od 7 


a9°vssvd 


Moz AIDA 


Ayiorpotiod 
pue uses Ayyensn 
SOPISVIV FT jo AOQ CAD NT 


*sAep ouiu 
‘uonuqnouy 


Behl 


“fe usas SOPISPAV J 
9 oq WoA0 NT 


poole essydii9g 
oy} UL SoySvAvG jo 
aouvivoddy jo aed 


GNOoOOoas 


AWOSONVdAUL ANINO 


SASNIAOG Ni 


| ‘T asIO FL uleITS 
“pool | "uUddS soysvied snoso 
-UINNY “pooyTq JO "9° 5,0 
XI axq ey 
RZ 19q0}9O 


ysyUOUT XIC *P 
9 SATQVU [[BUSG 


XX ‘dxq 


SNOILVINOONI 


*S}BI 0] DAIVIOUT ST pOo]q 
S}T ysnoyy ‘uonipuod | 
ouy Ul MOU ST FI Fowoy | 
o8eAOA ay} UO paaoiduy 
Jeunur syy, “uaeas qdA90 
vulapsao ON *A]}USITS 
Suimoys sq ‘YIP yA 
jo pus ayy Aq soUUTYR 
A]peplyap sea asIOTT 
*syoom 9014} ynoqe urdn 
Pparvays vaus09 Jo Ayoedo 
ey ‘spessaa yeanount 
-uod Jo uoseafur 4y.ST]s 
yYUM sao y}yOq wort 
ASIVYSSIP A1OJeAM V pur 
vauiod yey uo Ayoedo 
WSs v pooijou seat 
aray pL ‘prey si Suny 
YE ‘YJoaun payooy assoy 
CYR, WO’ UINJoI UC 


‘ITXO “dxq 
"IXO ‘dxq 
“XO ‘dxq 

“(€) AOX ‘dx 
“(¥) AOX “dxg 


“eaTye [INS 
if ysnsny 


*WALYQ 29S 


Des 
“sny 03 A[nf wot yas 
-qy ‘shosoumnu JdAou 
atom Aoyy “Ae ur 
yoo say auroy peddrys 
SPA aszoy ow ay} 07 dn 
Qt yey woay APURYs 
-UOD ATIF UDAS SOUSVILY 


‘91 
yoy pur + yore yy 
udaMjaq UuoTdaJUT 
*Ppey 0} aqise.ed suo 
peaoys pooq ‘or 
"IVI UO LYRA WOIy 
uInjor INO 4J9I;W 
*p ysavyAy 07 dn uaas 
JOU JJM SOPISVIL 


O FAK ures 
*poyayur auI0S 
-aq Jaaou aAPYy YY 
S721 OM} OJUT UOTZL[NIO 
-ur Aq pue asnjiajuss 
Aq pourwrxa Ajsnotaaid 
poolq S ASIOF{—"AJ0 AT 


“poy 03 *sdA13 
AINOF SULMOYS ‘poo]q Jo 
‘2'D $0 YIM AVA BJO] JO 
oseq ae. onssiy repny[eo 
ayy ul AjsnosUeIqGNS 


XIXT xq 3a 
ti Areniga yt 


‘uoypeys Avq suno x 


IIAXXX71 “dxq 


SyIVWDY 


saouvivaddy "A-"d 


suonepnoourqng 


yyeaq jo aeq 


poorg ur sasuryy nsx 


Spjl099 
ainyesaduia y yo add 7, 


Ayorporied 
puv uses ATTensn 
SOJISPIV JT jo AOGUIN AT 


poorg jeseydiisg 
94} ur SOPISPIVG Jo 
aourvavaddy jo ajeq 


uonepnoouy jo 
apoyN pue ‘a01n0g ‘9}e(] 


yeanuy 


Sa9vSSVd 


GNOOSsS 


HNWOSONVdAUL NVWONH 


SSYOH NI 


NOILVINOONI 


ol nied 8 f UuIRIYS 
‘sopisvied snojoumnu 
SBururwyuos poojq jo ‘99 1 
TAXT xg “eY 
41 Arenaiqay uolze[NIOUIEY 
*T essOPy uresys “sayisvied 
- Rae AuvUI SUIMOYS Poo fo '9'd 1 
OOTq JO 19°91 YW : : 2 
IAXXS xq INAXXX “dxq  7ey 
QI 19quIs.90qT uol}eNIOUINY 9 ees Lore eee POH enous el 
‘soysered ur yor pooyq | snosouinu = Surureyuoo " pooyq 
jo 19'9 So ‘Kyeouozuadexquy jo ‘99 x AypBauopsedesquy 
‘Pam, Ayjequappoy |. | XI‘dxq ey ; “OAT? TINS ; XL axgq ey 
senue{ poyojul aWIvIOG JAAD | Bz 19q0}90 | uay sprig 1£ jsnsny poyoazur auredaq JaAdNy Bz 10q07909 | “Udy OUY AA 
AIXXX ‘dxq IXX ‘dxq 
o[g Tesoyd | 
yqeag Jo eq rae eee uoRE|NIOUy JO penny yieaq Jo aeq Dee eee uonrnsouy jo peuny 
ae Jo aouvivoddy jo eq SEO ESS eas ad ‘ aise ol jo oouvsvaddy jo oyeq PPO, PUL ‘edINOg ‘93eq : 
Ix STMO4 NI SNOILVINOONI 


AWNOSONVdAUL ANINOT 


TRYPANOSOMIASIS EXPEDITION TO SENEGAMBIA a7 
Note by Dr. H. E. Annett 


Tue Resutts oF Inocutarion or BLooD FROM THE European Cass, H.K. 
(vide p. 9) 


Tame Rats.—White, black and white. Injected intraperitoneally with about o*2 c.c. peripheral 
blood diluted with normal saline solution; in some twenty-five per cent. only was it possible to 
demonstrate parasites. The parasites first appeared in the peripheral blood in from fifteen to twenty-five 
days after the inoculation, and their presence continued for three or four days, apparently without any 
significant rise in temperature. "The animals lived for periods varying from two to four months or 
longer, and occasionally only during this time could parasites be found. Usually on post-mortem 
examination they also seemed to be absent, in occasional instances only were they present in the heart’s 


blood. 


Tame Mice.—White, brown, black, etc. Parasites were never seen after injection. 

Rabbits and Guinea-Pigs.—Seemed to be refractory. 

Monkeys (Rhesus) —Seem to be all susceptible to intraperitoneal infection. Parasites can be 
demonstrated in the peripheral blood only after the twelfth day after infection, their first appearance 
being preceded by a rapid rise in temperature, followed by a more gradual fall during the next three days. 
The number of parasites per cover-glass preparation varied during this period from eight to ten in 
number, occasionally more, and then gradually disappeared. A similar phenomenon occurred at intervals 
of five to ten days, the animal gradually losing weight until death occurred in from six weeks to three 
months. In one case, post-moviem, numerous parasites were seen, but in others none were found. 

Monkeys were inoculated at different periods during the time which K. spent in England, 
including two inoculations with blood two days before death, one of which died after three months’ infec- 
tion ; the other shewed few parasites at times, and appeared very ill and emaciated on two occasions, but 
eventually recovered, and now, after a period of nine months, is healthy, and no parasites can be found 
in blood, either microscopically or by inoculation into rats. 

In monkeys no such symptoms as are described in human cases occur, beyond the occasional 


rises in temperature (during which parasites are present in peripheral blood) and the emaciation. 


Notes on Post-Mortrems oF EXPERIMENTAL ANIMALS 


Experiment XLIX— 
Post-Mortem oF GuINneEa-PicG 

Autopsy —Died during the night. Body emaciated, some slight yellow-coloured fluid in pleural 
and peritoneal cavities, slightly turbid in the latter. 

Heart.—Normal ; right side contained a dark blood clot. 

Lungs. —Showed patchy congestion marked in right lower lobe, otherwise normal. 

Livev.—Large, and slightly congested. 

Spleen —3°5 x 1°5 x or¢ cm. Slightly injected. 

Stomach.—Some congestion along greater curvature. 

The duodenum for about 3 cm. was much thickened and deeply congested ; about 1 cm. from 
pylorus it was adherent to liver and a coil of small intestine. In this situation three ulcers were found, 
one large, with a sloughy base ; this had almost perforated. In small gut Peyers patches were slightly 
thickened and inflamed. 


Kidneys.—Slightly injected. 
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Lymphatic glands.—On both sides the superficial and deep inguinal glands, though only slightly 
enlarged, were crimson in colour ; the smaller ones appeared like rounded bits of blood clot ; in the 
larger ones, the cortex in places was pale. Similar glands were present in axilla and in neck, but were 
not so haemorrhagic. Mesenteric, lumbar, and pelvic glands were slightly enlarged, some smaller ones 
haemorrhagic. ‘The larger ones were deeply injected in places. Bronchial and sternal glands were 


slightly enlarged and injected. No parasites seen in the blood from heart or lungs. 


Experiment XXVII— 


Post-MorTEM oF Rat. 


Rat died during the night. ‘The body was emaciated and covered with lice. Incisor teeth were 


absent from the upper jaw (decay). No fluid in pleural and peritoneal cavities. 
Lungs.—Slightly congested, but perfectly healthy. 
Heart.—Normal. 
Liver.—Pale, studded with small white punctate spots. 


Spleen.—Enlarged and congested, 6°5 x 1°7 x 170 cm. A small infarct present on outer surface 


three mm. in diameter, did not extend deeply into tissue. 
Kidneys.—Apparently normal. 
Lymphatic Glands.—Superficial inguinal and axillary slightly enlarged and congested. Bronchial 
glands were enlarged and deeply injected. 
Abdominal glands small, not injected. Mesenteric slightly enlarged, not injected. 
Brain.—Slight injection of pia. 
No parasites seen in heart blood at P.-M. 


Remarks.---The death of this rat was probably in a great measure due to old age, hastened by the 


loss of the incisor teeth. 


Experiment X X— 
Post-Mortem oF Native Catr 


Autopsy —Very slight subcutaneous oedema in tissues over thorax. Abdomen contained a small 
amount of slightly bile-tinged fluid. 

Liver.—Dark, friable ; gall bladder full of dark, viscid bile. 

Spleen. —Enlarged ; substance soft, congested. 

Lymphatic glands —Mesenteric glands immediately adjacent to small intestine much enlarged. Some 
the size of a pigeon’s egg. On section medulla is dark brown in colour, glands surrounded by a 
gelatinous, almost colloid, oedema. In great mesentery, and also accompanyng the above large glands, 
were other smaller completely haemorrhagic glands varying in size from a hemp seed to a pea. Some 
of these were so full of blood as to be diffuent. Iliac and lumbar glands much enlarged and soft, with 
surrounding oedematous tissue above described. Bronchial and cervical glands were similarly oede- 
matous, many were completely haemorrhagic. Veins of kidneys, mesentery, and heart generally surrounded 
by yellow gelatinous oedema. 

Marrow, of short bones, was normal in appearance ; of long bones, yellowish and gelatinous, 


with here and there decidedly reddened areas. 
Heart.—Miuscle pale and firm. 


Lungs.—Normal. 


TRYPANOSOMIASIS EXPEDITION TO SENEGAMBIA 49 


Experiment XLVIII 


Post-Mortem oF Native BuLttock* 


Performed immediately after death. Some ten unidentified adult filariae were found in conjunc- 
tival sacs of both eyes. No sores nor discharge from nostrils. On section no oedema of abdominal wall. 
Stomachs enormously distended with food ; small intestines empty. 

Liver.—2°72 kilogrammes. Substance dark. On upper surface of right lobe was a superficial 
abscess the size of an acorn, which contained a small slough. The abscess was quite localized. Gall 
bladder full of light-green fluid bile. Dotted over surface of mucous membranes were small circular 
injected areas. 

Spleen.—Weight, 793 grammes. Vessels of capsule injected, substance normal. 

Kidneys.—Right, 510.2 grammes ; left, 453°6 grammes. Appearance, normal. ‘The perirenal 
connective tissue was infiltrated with a yellow gelatinous oedema. Pancreas and suprarenals apparently 
normal. 

Lungs. —Lett, upper lobe firmly bound down by old adhesions, substance normal. Right, lower 


and middle lobes deeply injected. On section patchy, recent consolidation present. 


Heart——Slight amount of straw-coloured fluid present in pericardial sac. Valves, normal. Muscle, 


normal. Some gelatinous oedema along coronary arteries. Fat, abundant. 
Bone marrow of long bones, yellow ; of short bones, dark red. 
Brain.—Slight thickening and injection of the pia mater. 
Lymphatic Glands——The same appearances were seen as in P.-M. of Experiment XX. 


Once more the most marked pathological changes observed were in the lymphatic glands. Many 
very small, entirely haemorrhagic glands, varying in size from a pea to a bean, occurred in the mesentery. 
All the lymphatic glands were enlarged and oedematous. The medullae of many were ofa deep chocolate 


colour, and some of the retroperitoneal group were markedly haemorrhagic. 


* The thanks of the Expedition are due to the Gambian Government, who kindly supplied the animal used in this 
experiment. 


H 
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VII. OTHER FORMS OF FLAGELLATA FOUND IN SENEGAMBIA 


In the course of our examination of a large number of small animals and 
birds, we observed some ten varieties of flagellates, for the most part belonging to 
the family Trypanosomidae (Dorrein). These organisms occurred in the blood of 
frogs, small birds, tortoises, and in the African house mouse. 

We were not able to make any serious attempt to ascertain the life history of 
these parasites. It is probable that a study of the trypanosomata, parasitic in lower 
animals, will throw light on obscure points in the life history of those species pathogenic 
to man and the higher animals. Such a study, in the case of other parasites, has met 
with most fruitful results, notably so in malaria. For this reason, we here present 
a short description of the forms we have seen in fresh blood, and of their appearance 


in film preparations, stained by Romanowsxky’s method. 


TRYPANOSOMES IN FRoGS 


Trypanosoma sanguinis, GRuBY,” 1843. 
A parasite was frequently seen in the blood of African frogs corresponding to 
that first described by Grupy in 1843, and called by him T. sanguinis. Out of 


gs examined, including Rana trinodis (2) and other species, this parasite 


twenty-nine fro 
was seen in the blood of fourteen. The parasites were never encountered in any 
great numbers in either the peripheral or central circulations of the infected frogs. 
At the most four to six were seen in a preparation. 

This parasite has been described in the living state by Ray Lanxesrer# as 
a minute pyriform sac, with the narrower end bent round on itself somewhat spirally, 
and the broader end spread out into a thin membrane which is produced on one side 
into a very long flagellum. The wall of the sac was striated coarsely as in Opalina, 
and the direction of the striae on the two sides of the sac, as seen one through the other, 
showed that the small end of the sac was twisted as well as bent over on itself. A 
pale clear nucleus and a very few granules were also seen. In life, the broad membrane 
undulates vigorously in a series of waves, the flagellum taking part in the movements. 
The series of waves of the undulating membrane are not incessantly in one and the 
same direction. In stained preparations (RomMANowsky method) the simplest form 
of the parasite seen is represented in Plate I], fig. 3. 

This parasite differs from other trypanosomes seen in frogs, in that 
there is no definite line of demarcation between the body proper and the undu- 


lating membrane. The protoplasm of the body takes on a deep bluish purple tint 
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and is arranged in bands in the long axis of the body. These bands commence at 
the blunted end of the organism as fine streaks which gradually increase in thickness 
towards their centre and then fade away into the undulating membrane. In the 
simplest form of this parasite there are one or two such bands. The posterior end 
(the end remote from the flagellum) is round and blunted, and is occupied usually 
by a comparatively large unstained areas The undulating membrane is broad ;_ it 
commences 8 « from the posterior end and extends along the base of the cone-shaped 
body, gradually decreasing in width. There is a general bluish mottling at the base 
of the undulating membrane. The flagellum runs along the undulating membrane, 
its free part extending for about 8 » to 10 w from the anterior extremity of the body. 
It is an extremely fine filament and does not stain well by RomManowsky’s method. 
The micronucleus is seen as a crimson dot from which the flagellum arises ; it is 
situated near the centre of the body and is often difficult to make out. By careful 
focussing with a 4” oil immersion a small, red-stained, rounded area can be made out 
either beneath or above the macronucleus, as the case may be. it is often obscured 
by the dark stained bands of the protoplasm above described. 

Besides this simple form of the parasite there are other larger forms which 
differ from it in the following manner :— 

(a) The posterior end of the organism is toothed. Three such ridges have 
been generally encountered in these forms. 

(>) Instead of one or two there are generally three to four longitudinal 
bands of deeply staining protoplasm, which commence in these ridges and proceed, 
often in a spiral manner, towards the undulating membrane. Before their termination 
they generally present an unstained area. It would appear that these bands are 
slightly raised from the surface of the parasite. This may account for the striated 
appearance seen in the fresh state. In these larger forms the micronucleus and macro- 


nucleus are generally obscured by the darkly-stained bands. 


In stained preparations the average length of the parasite, excluding the 
flagellum, is 27 «, its width opposite the micronucleus is 3°2 #, and the width of the 
undulating membrane at this point in specimens of the type shown in Fig. 3 is 
4°§.  Laveran and Mesnit* have already described this trypanosome as they 


OSs 


observed it in stained specimens of blood taken from European green frog 


a) Se) a i] mies );- en 7 DP a 
Trypanosoma mega.—New species (Provisional), Plate Il, fig. 4. 
Many large trypanosomes, three to six in a coverslip preparation, were seen 
in the blood of a small frog, caught in a marsh at McCarthy Island, in January. 


Progressive movement was rather sluggish in these organisms, and was evidently 


brought about by contraction of the body protoplasm, as well as of the undulating 


membrane. Both ends of the organism tapered for some distance into a long fine 


* Laveran et Mesnil. Sur la structure du Trypanosome des grenouilles et sur Vextension du genre Trypanosoma. 


,Gruby, Compt. Rend. Soc, Biol. Par. v. 53 (23), June 22, 1got. 
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process, which at one end was continued on as the free portion of the flagellum, 
The undulating membrane commenced at a highly refractile spot, surrounded by an 
area also refractile and situated about one-third of the body’s length from the 
posterior non-flagellated end. The protoplasm has a coarsely granular appearance, 
and differed in structure in the anterior and posterior portions of the body. 

The parasite progresses generally with the flagellum in advance. When 
stationary, waves of motion move in either direction up and down the undulating 
membrane. 

In stained preparations, the parasite did not vary in form to any appreciable 
extent. The width in some few specimens was slightly less than in the majority. 
The shape of the body is seen in Plate H, fig. 4. The protoplasm stains very deeply 
blue with Romanowsky’s stain. The portion (anterior two-thirds) of the body to 
which is attached the unciulating membrane is longitudinally striated, to a marked 
degree, with dark and light bands. The spongioplasm of this portion is closely 
arranged, and its hyaloplasm stains more deeply than that of the posterior third of 
the organism. With careful focussing it is seen that the light unstained bands are 
raised from the surface of the parasite. If this part of the body of the organism is 
twisted on itself, a trellis-work appearance is brought about by the crossing of the light 
stripes. The anterior two-thirds of the body ends abruptly at the macronucleus, from 
which it is separated by a narrow unstained area, probably due to a retraction of 
the protoplasm caused by the drying of the film. The light bands are continued on 
past the nucleus to the base of the posterior portion. The protoplasm of the 
posterior portion of the body has a very spongy appearance, and presents a contrast 
to the anterior. This appearance becomes more marked as the posterior extremity 
of the parasite is reached. With careful focussing a fine superficial striation can be 
made out. 

In the process of smearing the frog’s blood on a slide some of these large 
parasites were injured. From a study of such specimens it can easily be made out that 
the body of the parasite is enclosed in an outer membranous covering, which on one 
side is prolonged as the undulating membrane,* along the free border of which the 
flagellum is attached. In one parasite this membrane was partially stripped off and 
stained a faint reddish purple colour. In it were seen fine pink staining lines, having 
a looped arrangement and apparently running round the short axis of the 
organism. The membranous envelope is much more easily seen in the anterior 
division of the parasite. The undulating membrane commences opposite the nucleus 
as a comparatively wide fringe which is thrown into folds and takes on a faint purple 
tint. It gradually narrows towards the anterior end. Along its tree border is 
attached the flagellum, staining a reddish pink. ‘The latter commences at the 


(=) 5 
micronucleus and ends anteriorly asa free filament. The macronucleus is situated 


* Wasielewski und Senn. Beitrage zur Kenntniss der Flagellaten des Rattenblutes. Zeitschr. f. Hygiene, Bd. 33, 1900. 
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about 28 « from the posterior end; it is finely granular, is coloured light crimson, 
and extends completely across the short axis of the parasite. The micronucleus 1s in 
close proximity to the macronucleus, though separated by a slight interval. — Its 
position on an average is 26 w from the posterior end of the organism. It stains a 
deep crimson, is devoid of structure, and is surrounded by a zone staining light 
blue. The average length of a parasite as measured in stained preparations is 72 m. 
This excludes the free flagellum, which is from 10 « to 15 # long. The width of the 
parasite at the macronucleus is 8 wu. 

The frog infected was eventually killed, and preparations of blood taken from 
various parts of the body were examined. Parasites were seen in all, and were not 
found to be particularly numerous in the preparations from any one organ. No forms 
were seen in developmental stages. No parasites were seen in the peritoneal fluid. 
The organs of the frog appeared normal macroscopically. 

Trypanosoma Karyozeukton.—New species (provisional). 

In a stained (RomANowsky) preparation of the blood of a frog (sp. ?) 
caught at Cape St. Mary, Gambia, October 23, in a fresh preparation of which T. 
sanguinis had been seen, one specimen of a large trypanosome (Plate II, fig. 5) was 


encountered presenting the following characteristics. 


Length, excluding the flagellum, 67°24. Width at macronucleus, 6°4 «. 
Distance from micronucleus to centre of macronucleus, about 16,4. Distance 


from micronucleus to posterior extremity, 9°8 «. Length of free flagellum, 15°2 ». 
As in the preceding trypanosome, the body protoplasm posterior to the 
macronucleus presents a contrast to the anterior portion. The former does not 
stain so deeply and has a mottled appearance. ‘The latter stains more deeply, has a 
much more closely arranged spongioplasm, and in it faint longitudinal striation can 
be made out. The micronucleus is ovoid, stains a dark crimson, and shows no 
structure. The macronucleus extends the whole width of the organism and takes 
on a light crimson colour. Its structure cannot be made out. Posterior to the 
macronucleus are scattered, for a short distance in the protoplasm, fairly large 
granules, staining a deep bluish-purple colour. Between the micronucleus and 
macronucleus runs a chain of small red oval granules, which are, apparently, of the 


I 


same nature as chromatin. Examination with a *” oil immersion has not enabled us 


to say definitely that there is a union between the macronucleus and micronucleus 
by means of this chain of chromatinic granules. The posterior end of the parasite 
gradually tapers to a fine filament. Posterior to the micronucleus the narrowing 
becomes more marked. The undulating membrane commences opposite the 
micronucleus and runs along one side of the organism as a narrow band. It is 
stained faintly pink. 

Three other frogs were received at the same time as that which harboured 


the trypanosome just described; in the blood of two of these were seen an 
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actively motile, long and thin trypanosome. There were two to three of these 
parasites to a coverslip preparation. The movements of the parasite were so energetic 
that it was difficult to obtain an idea of its structure in the fresh state. The 
undulating membrane was seen to extend nearly the whole length of the parasite, 
and by its rapid screw-like movements to cause the organism to move in a spiral 
manner in and out among the red cells. 

In stained preparations the average length of the parasite, excluding the free 
flagellum which is seen with difficulty in many specimens, is 56°8 «. its width at the 
macronucleus is 3°5 “«. The distance between the micronucleus and the centre of 
the macronucleus is on an average 6°5 «. Measurements taken from the tip of 
the posterior end of the body to the micronucleus averaged 7 um. 

Though this parasite is much smaller than the larger parasite just described, 
the relation of the micronucleus to the macronucleus and the relative sizes of the 
flaxellum bearing and posterior portions of tie body lead us to believe that it belongs 
to the same species. The following resemblances are noteworthy with regard to the 
structure :—The smaller parasite has the same feebly staining macronucleus extending 
the whole width of the organism, and the same oval-shaped micronucleus as the 
larger form. The undulating membrane is comparatively narrow as in the larger 
parasite. The most noticeable structural difference between the two parasites is that 
in the smaller one it is the portion of the body anterior to the macronucleus 
which is more markedly striated. Other differences are as follows :——The striae in 
the smaller parasite appear as longitudinal white lines broken at fairly even 
intervals. It has no granules posterior to the macronucleus and no chromatinic 
dotted line between micro- and macronucleus. It is possible that the larger parasite 


may represent an early stage ot reproduction, 


TRYPANOSOMES IN TORTOISES 


Two tortoises obtained from the marshes at Cape St. Mary, out of several 
examined, contained trypanosomes in their blood. Their blood was constantly 
examined during a period of three months, but only occasionally were parasites seen, 
and then only in small numbers. Two varieties were observed. One was a long 
thick form, the other, short and slender, possessed a comparatively broad undulating 
membrane which extended the whole length of the organism. 

The few parasites seen in stained films of blood from these tortoises have not 
been sufficiently perfect to permit their detailed description. Our notes on their 


morphology are therefore reserved until further material is obtainable. 


TRYPANOSOMES IN Brirpbs 


Trypanosoma johnstoni.—New species. 


This trypanosome was found in the blood of a species of small bird (Estre/da 
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estreld) very common in Senegambia. One was found to be infected out of twenty- 
five birds of different species, for the most part belonging to genera Esrre/da and 
Crithagra, examined in the laboratory in August. These birds came from Bathurst, 
Gambia, whence they had been sent in May. 

Only two to four parasites were seen in a coverslip preparation. In fresh 
preparations the parasite appears as a very actively moving spirillum-like body ; so 
striking, indeed, is this resemblance, that at first sight it was thought to be a true 
spirillum. The undulating membrane is scarcely recognizable, and the parasite 
has no free flagellum. When its movements have become slower, the organism is 
seen to possess a long straight body pointed at both ends. Ata point about one- 
third of its length distant from the posterior end of the parasite is seen a refractile 
spot, the micronucleus. A little further on, a slightly refractile area indicates the 
position of the macronucleus. When the parasite is stationary for a moment, waves 
of movement commencing at the anterior end travel down to this refractile area and 
there cease. The part of the body posterior to this spot remains perfectly quiescent. 
The parasite generally moves with the end remote from the refractile spot in 
front. Careful examination reveals the presence of a very narrow undulating 
membrane, commencing at the micronucleus and running along to the anterior end 
of the organism. No free flagellum could be made out in fresh specimens. The 
protoplasm of the organism was apparently homogeneous. 

In stained preparations, Plate II, fig. 1, the above details are better seen. 
Along the free border of the undulating membrane runs the flagellum, stopping 
abruptly at the anterior end of the organism in a small red dot. The macronucleus 
is elongated, granular, and does not quite extend across the short axis of the parasite. 
The micronucleus is a small dot or oval spot of chromatin surrounded by a small 
halo. The protoplasm takes on a uniform blue colour. The length of the parasite 
varies from 36 mw to 38 mw, and its width at the macronucleus is 1°4 to 1°6 p. 
The distance from the micronucleus to the posterior end is 10°74 uw. Distance from 
the micronucleus to the centre of the macronucleus is g9 # to 10 wu. No develop- 
mental or dividing forms were seen in any preparation. 

Two larks were inoculated, each with o°5 c.c. of blood from this bird, but so 
far parasites have not been seen in the blood of either. 

Trypanosoma.—Spec. incert. This parasite was fairly common in the blood of 
species of Crithagra and Estrelda, both at St. Louis and Bathurst, though they were 
never present in large numbers.* 

At St. Louis out of fifteen birds examined seven were infected. 

At the most three to six parasites were seen in a preparation. In the fresh 


film the parasite is a very stumpy organism which moves sluggishly in the blood. 


* The popular name commonly given to these birds is ¢ millet eaters.’ This name includes several varieties called Bec 


corail, cordon bleu, ventre rouge. The majority of the birds examined were of the first. 
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The width is great in proportion to the length of the body. The protoplasm has a 
very granular appearance. At one end is seen a highly refractile spot, at the other 
a fine, free flagellum. Both ends of the parasite are stumpy. 

In stained preparations, the parasite generally assumes an oval shape, due to 
its stumpy anterior and posterior ends and to its great width. The protoplasm takes 
on a deep blue reaction, is longitudinally striated, and is marked with one or two 
lighter patches in front of the macronucleus. The micronucleus is a large crimson 
spot. It is situated at the posterior end of the parasite and is in close relation to a 
clear space, a vacuole. The macronucleus 1s situated centraliy and extends across the 
middle of the body. It stains a pink red colour, the chromatin being diffuse. The 
undulating membrane is a very narrow band extending on one side of the parasite 
from the micronucleus to the anterior end of the parasite’s body. In Plate I, 
fig. 2, the undulating membrane has the appearance of crossing over the body ; this 
is due to the parasite being twisted on itself. The flagellum commences in the 
micronucleus, runs along the free border of the undulating membrane and ends as a 
fine free filament. Length of the parasite without free flagellum is 21°6 uw. Its 
width opposite macronucleus is 8 w. The distance from micronucleus to centre of 
macronucleus is 9°6 #. The length of the free portion of the flagellum is about 
10 w to r2 w. No divisional forms were seen. 

Two pigeons and two larks have been inoculated with these parasites, but have 


not yet shown organisms in their blood. The pigeons were inoculated three months 


ago. 


Dr. Hanna has very kindly shown us specimens of a trypanosome which he 
tound in a pigeon in India, and we have also been able, through the kindness of 
Major Ross, to see one or two slides of blood taken from a blue jay in India, 
containing filariae and trypanosomes. 

These will shortiy be described and illustrated by Dr. Hanna; they present 
several morphological differences from the parasite we have seen in Africa. We feel 
certain that many more of these parasites will be found in birds and small animals 
both in India and Africa. 

DaniLewsky* has described two varieties of trypanosomes— Trypanosoma major 
and Trypanosoma avium—observed in the blood of birds. Unfortunately, we have 
not been able to obtain his original paper, and the reviews, which we have seen of his 
works, have not been sufficiently definite to enable us to determine whether our 
second avian trypanosome 1s the same as his or not. We have, therefore, left it 


unnamed for the present. 


FLAGELLATA IN THE Brioop or A Mouse 


At McCarthy Island, we obtained a few house mice and some field mice 
(Spec. unknown). 


La parasitologie comparé du sang. Nouvelles recherches sur les parasites du sang des oiseaux, 1889. 
g 8 & 


TRYPANOSOMIASIS EXPEDITION TO SENEGAMBIA 57 


Fourteen of the former in all were examined, and in the blood of three, 
flagellated protozoa were seen. Twenty field mice were examined, but none were 
found to be infected. The organism occurred infrequently in the blood of the mice 
infected, and we never saw more than one or two parasites in a fresh coverslip 
preparation, 

The organism was striking, in that it presented characteristics which 
differentiated it, at a glance, from a trypanosome. It consisted of a long oval-shaped 
body with blunt rounded ends, to one of which a very long flagellum was attached. 
At this end the body tapered slightly. A glance showed that the long flagellum, 
slightly longer than the body, was the chief organ of locomotion. It acted as a 
tractellum, and obviously dragged the body of the parasite after it. On encountering 
an obstruction the flagellum lashed out in all directions, hurled the red cells 
behind it, and often twisted round, so that its tip reached past the posterior end of 
the body. On these occasions, it was easy to examine the structure and measure the 
length of the parasite, as the body was perfectly quiescent. The protoplasm has a 
slightly granular appearance and in its substance, placed a little in front of the centre 
and towards the flagellated end, is a collection of refractile granules. About 5 » 
from the anterior end is seen a highly refractile spot from which the flagellum takes 
origin. No suggestion of an undulatory membrane was seen. The length of the 
body in the living condition is 20°8 «, and its greatest width 3:2 w. The body of 
the parasite sometimes assumed an ‘S’-shaped form, on account of external pressure 
or rapid changes of direction of movement, but no active contractions of the proto- 
plasm were seen. 

Unfortunately, two mice sent home infected with this parasite died on the 
voyage, and in the films made from the mice while in Gambia, no specimens have 
been seen. A small rat inoculated from one of the mice has not shown the parasite 
in its blood. No symptoms were observed in the mice infected. 

This parasite resembles very closely Herpetomonas (Leptomonas) Butschli (S. 
Kent). The figures given of this organism correspond very closely with our flagellate, 
except that in the mouse parasite there is not the marked tapering of the non- 
flagellated end of the body. Herpetomonas Butschi, however, inhabits the intestinal 


tract of Trilobus Gracilis, and not a vertebrate circulatory system. 
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A NEW CULICID FROM SENEGAL AND NOTES ON 
THE SPECIES OF MOSQUITOES, ETC. 


By #. V.. THEOBALD, M.A. 


Amongst a large collection of mosquitoes and other biting-mouthed diptera collected and bred by 
Drs. Durron and Vopp during their recent expedition to Senegal, is a large series of a new Culicid, 
resembling in habits the Deinocerites cancer, ‘THEOBALD, of the West Indies. It comes very near my genera 
Stegomyia* and Macleaya,} but cannot be placed in either. Without an examination of the scale structure, 
one would certainly place it in Cu/ex, but hasty microscopic examination shows it to come much nearer 
the two first-named genera. I propose for it the generic name Carageiomyia, (kaTayeros, subterranean, 
and auca, a fly). 

Gunus Carageiomyia. Nov. gen. 

Head covered with rather irregular loosely-applied flat scales, a few narrow-curved ones on the 
nape in the Q, spreading rather further on to the occiput in the ¢@, also with numerous narrow, upright, 
forked scales. Palpi short in the Q, composed of three segments, the last one as long as the two basal 
ones; in the @ the palpi are long, but not nearly as long as the proboscis, the two apical joints short, the 
apical one slightly shorter than the penultimate, the apex of the antepenultimate slightly expanded, dense 
hairs on each side of the penultimate and on one side of the apex of the antepenultimate ; apex bristly. 
Thorax with narrow-curved scales on the mesonotum ; small flat ones on the mid lobe of the scutellum ; 
narrow-curved ones on the lateral lobes. 

This genus thus differs from Svegomyia in (1) having narrow-curved scales on the back of the head, 
(2) narrow-curved scales on the lateral lobes of the scutel'um ; and from Mac/eaya in (1) having the flat 
cephalic scales more loosely applied, (2) in having the g palpi much shorter than the proboscis. 

In general appearance it resembles a Cu/ex of the fatigans group, but the scale structure, palpi, 
etc., are quite distinct. 

Catageiomyia senegalensis. N. sp. 

Thorax rich, deep brown, with small scattered golden scales, paler before the scutellum ; 
numerous long dark bristles posteriorly. Abdomen black, with basal white bands, which spread out 
laterally ; venter, with broad basal white bands ; head ornamented, with grey and black ; proboscis deep 
brown, unbanded ; legs deep brown, unbanded, except the hind tibiae, which have an apical white band ; 
venter of femora, white. Wings with brown-scaled veins. Male palpi shorter than proboscis. 

@. Head clothed with loosely applied flat scales all over, a few narrow curved ones behind, and 
narrow upright brown forked ones scattered about ; the flat scales are in black and white areas, and the 
narrow curved ones are pale grey ; there are dark brown bristles projecting in front ; eyes purple when 
dead ; palpi, brown, three-jointed, the last joint as long as the two basal ones ; antennae, brown; basal 
joint pale testaceous, with grey sheen, and a few small dark scales internally ; clypeus and proboscis, deep 


brown, 


* Mono. Culicidae, Vol. I, 1901. 
t Vhe Entomologist, Vol. XXXVI, p.154, 1903. 
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‘Thorax, deep rich brown with narrow-curved bronzy scales, amongst which are scattered narrow- 
curved bright golden ones, grey ones in front of the roots of the wings and in front of the scutellum ; 
numerous long black bristles over the roots of the wings and on the posterior part of the mesonctum ; 
prothoracic lobes brown with outstanding creamy narrow-curved scales, and a series of stout black 
orwardly projecting bristles. Scutellum, testaceous with narrow-curved grey scales wider than those of 
the mesonotum ; on the side lobes, border bristles deep brown in two series ; on the median lobe, six 
larger ones, and numerous smaller ones behind ; the mid lobe covered with loose flat grey and dusky 
scales ; pleurae, brown, with patches of grey scales; metanotum, testaceous brown. Abdomen covered 
with black scales, the segments with narrow white basal bands which spread out laterally to form spots ; 
the first segment is pale testaceous at the base with a large apical median patch of black scales, and a few 
grey ones at the sides, and numerous Jong brown hairs; posterior borders of the segments with pale 
golden border bristles of two alternating sizes ; venter with very broad grey basal bands and narrow 
apical dark ones. 

Legs, deep brown ; bases, paler ; femora, white beneath ; fore and mid legs without any trace of 
banding, but the hind tibiae have an apical white band and are longer than the hind metatarsi ; femora, 
tibiae and metatarsi with bristles which are pale golden in some lights, brown in others. Fore and mid 
ungues equal, uniserrated ; hind, equal and simple. 

Wings with the veins clothed with brown scales, rather dense and large on the second long vein 
and also on the basal areas of all the veins, longish lateral ones on the hind and apices of the fourth and 
fifth ; first submarginal cell longer and narrower than the second posterior cell, its stem about one-third 
the length of the cell, its base nearly level with the base of the second posterior cell ; in the second 
posterior cell the stem is about two-thirds the length of the cell ; posterior cross-vein about one and a 
half times its own length distant from the mid ; halteres, pale ochraceous. 

Length, 4 to 4°5 mm. 

g Palpi brown, much shorter than the proboscis, the last two joints short, of nearly equal length, 
darker at their tips than at the base, apex of the antepenultimate joint slightly expanded, also darker than 
the rest ; traces of a very narrow pale band ; hair-tufts brown; proboscis deep brown, longer than the 
palpi ; antennae with flaxen brown plumes, banded brown and grey ; head like the 9, only rather more 
narrow-curved scales running into the crown ; thorax and abdomen with similar ornamentation ; fore 
and mid legs with unequal ungues, the fore both uniserrated, the mid with the large simple, the smaller 
uniserrated, hind equal and simple ; genitalia with the basal lobe very bristly ; claspers slightly sinuous. 

Length.—4. to 4°5 mm. 

Habitat. 


Time of Capture — May and September. 


St. Louis, Senegal (Drs. Durron and ‘Tonp). 


Observations. —Described from a large number of dry and spirit specimens. In habits it bears 
some resemblance to Devrnocerites cancer (Vuvopatp). They breed in crab holes, where the larvae were 
taken as deep down as three feet three inches. ‘The adults were caught in and around the crab holes, 
in mangrove swamps, near the race course, at St. Louis, also in the bush by Oyster Creek, Bathurst, and 
in an old tub in a garden at St. Louis. 

Culex duttoni—F¥ rom old sand garden pool. Sor St. Louis, May 21, 1903. Bred from pool dug 
in sand to obtain water for gardening purposes, about ten feet deep ; diameter, twelve feet, now disused, 
now only three inches at bottom. Sor St. Louis, May 22, 1903. Garden tub. Bridge puddle. Bred 
in laboratory, June 2. 

Culex luteolateralis, var. pallida (n.v.)—Caught in marsh behind Subenta, January 18. 

Culex luteolateralis, var. albo thorax (n.v.)—-Caught in bush near Inkutu, January 18. 


Culex tigripes.—Hatched out from larvae taken in tub, in garden, and in hospital. St. Louis, 
May 31, 1903. ‘Tub in garden, Sor St. Louis. 
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New Crab-hole form, n.sp.—Mangrove Swamps racecourse ; caught in bush oyster creek ; crab-hole 
and old tub in garden, Sor crab-holes racecourse ; taken from crab-hole, three feet three inches from 
surface, St. Louis. 

Culex fatigans, Wirp.—St. Louis, north end of island. Garden tubs, St. Louis ; hospital garden 
water-tubs ; Sor St. Louis leaky water main. All in May; bred from putrid water, mouth of drain, 
St. Louis ; Sor, taken from pool near leaky water-pipe ; bred from putrid water at mouth of old drain, 
St. Louis. May ; Dakar, June 16 ; Sor, bred from larvae in old native well in sandy pool ; from Gorce, 
June ; bred from pupa in puddle, Halftei, September 21, tg0o2z. Cult. FN. 

Pyretophorus costalis—Var. Dakar, June 16, 1903 ; bred from sand pool, Sor., May 24; Dukai, 
June 16, 1903; leaky water-main, Sor, St. Louis, May 30; hatched out from discarded pool behind 
houses, in sand, Sor, St. Louis ; hatched from tub and bridge puddle, Khor., June 1. 

Stegomyia fasciata.—St. Louis, caught in our house, May 23, bit just as much at night as at day ; 
Goree, June 15, 1903, numbers marked 31 all caught in house at St. Louis ; hatched in tub, St. Louis, 
May 6, 1903 ; hatched from tub in hospital, St. Louis, McCarthy Island. 

Uranotaenia amulata—Yuros. Caught in dry marsh at Dakar, June 13, 1903. 


Mansonia uniformis—Turos. McCarthy Island, June ; caught in bush near Sukutu, January 18 
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Pate I 


HUMAN TRYPANOSOME 


Trypanosoma gambiense in Gambian native. x 2,000, 

Trypanosoma gambiense in tame rat. ‘Long form.’ x 2,000. 

Trypanosoma gambiense in tame rat, showing longitudinal division. x 2,000. 

Trypanosoma gambiense in tame rat, from a specimen taken one week before death. ‘Stumpy 
form,’ showing chromatic granules. x 2,000. 

Trypanosoma gambiense in tame rat, from a specimen taken one week before death. ‘ Round form,” 


showing granules. x 2,000. 


GAMBIAN HORSE ‘TRYPANOSOME 


Horse trypanosome. Thesmall ‘tadpole’-shaped parasite in the early stage of the disease. 
2,0CO. 

Horse trypanosome. ‘Stumpy form’ in tame rat. x 2,000. 

Horse trypanosome, showing longitudinal division of ‘tadpole ’-shaped parasite. x 2,000. 

Horse trypanosome. ‘ Long form,’ showing longitudinal division. x 2,000 


Horse trypanosome. ‘Long form.’ x 2,000. 
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Fig.l. 
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Pirate II 


TRYPANOSOMES FOUND IN SENEGAMBIA IN THE BLOOD OF 
BIRDS AND FROGS 


In Birps 


Trypanosoma johnstoni. Nov. sp. From the blood of Estre/da estreld. x 2,000. 


Trypanosoma. Sp. incert. Found in the blood of small birds in Senegambia. x 2,000. 


In Frocs 


Trypanosoma sanguinis. CGrusy. ‘The simple form of parasite. x 2,000, 
Trypanosoma mega. Noy. sp. x_ 2,000. 


Trypanosoma karyoxeuRton. x 2,000. 


Note the chromatinic chain of granules running from micro- to macronucleus. 


Fig.l, 
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Pirate Ill 


PHOTOMICROGRAPHS OF HUMAN TRYPANOSOMES 


Trypanosoma gambiense in the blood of a native. Case V. x 840. 
Trypanosoma gambiense in rat. ‘Long form. x 840. 


Trypanosoma gambiense in rat. ‘Stumpy form. x 840. 
t § 


Note few chromatic granules in parasite situated anterior to the macronucleus. 


Trypanosoma sambiense, from the blood of a rat, one week before death. 
e ? ’ 


Note marked chromatic stippling of the protoplasm of the parasite. 


Exp. XXVII. 
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PLATE III 


Fig. 1 


Fig. 3 


PLATE IV 
PHOTOMICROGRAPHS OF GAMBIAN HORSE 'TRYPANOSOMES 


Fic. 1. Horse trypanosome. Small ‘ tadpole’ forms in the blood of a mouse on the appearance of the 
parasite in the peripheral blood. x 840 
Fic. 2. Horse trypanosome. From horse No. 1. x 840. 
Note the two stumpy parasites in centre of photo. 
Fic. 3. Horse trypanosome. From horse No. 1. x 840 


Note longitudinal divisional forms in centre of photo. 
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Fig. 3 


PLATE V 


Fig. 3 
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A NEW PARASITE OF MAN 


By Major RONALD ROSS, Riss. F-R:C.s., (CB, 


PROFESSOR OF TROPICAL MEDICINE, UNIVERSITY OF LIVERPOOL 


AST May, Major Letsuman, R.A.M.C., described” certain bodies which he 
had found at Netley Hospital in 1900 in the spleen of a soldier, who had been 
invalided from Dumdum, near Calcutta, for low fever, enlargement of the 

spleen, anaemia, and chronic dysentery, and who had died at Netley. Leishman 
thought that these bodies were trypanosomes which had become altered after their own 
death and that of the host. In July, Captain Donovan, I.MS., stated® that he 
had found the same bodies in Madras in the spleens of five similar cases after death, 
and also of one similar case intra vitam 3 and pointed out that this last case, which 
showed neither malaria parasites nor trypanosomes, excluded the idea of LetsHMan’s 
bodies being due to post-mortem changes. Donovan kindly sent me three of his pre- 
parations, together with drawings and charts of the last-mentioned case, and also of 
vet another case in which the bodies had been recovered by him intra vitam. One of 
these preparations was made post-mortem and two intra vitam. ‘rom these it was easy 
to confirm the descriptions and drawings of LretsHman and Donovan 3 and on the 
23rd October I despatched a paper on the subject to the British Medical Journal in 
which I recorded this confirmation, but at the same time dissented from LerisHMaAn’s 
interpretation of the bodies, and said I thought that they were ‘some quite novel 
organism.’ On the 3rd November, before the publication of my paper, Dr. Laveran 
read a paper at the Academie de Medicine’ in which he stated that he also had 
received preparations from Donovan, and that he thought the parasites were neither 
trypanosomes nor malaria parasites, but probably belonged to the genus Pirop/asma; and 
he suggested the name Pirop/asma donovani for them. Subsequently LetsamMan wrote’ 
reiterating his opinion that the bodies are altered trypanosomes. 

As the nature of these bodies is a question of great interest and importance, I 
am now taking the liberty of reproducing Donovan’s drawings (he being absent in 
India), together with some of my own, and a formal description based exclusively on 
the three preparations in my possession. It should be understood, however, that this 
description is merely supplementary to those of Letsaman and Donovan, who have 
certainly seen all the forms I refer to. 

Of the three preparations, one consists of a smear from a cut spleen, made 
post-mortem ; and the two others of spread and fixed blood taken from the spleen of 
two cases intra vitam. All are well stained by the Romanowsky-ZieMANN method, 


and contain numbers of the parasites referred to. 
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The parasites—that is, the little bodies originally described by Letsaman— 
occur in these specimens under two conditions, namely :— 

(a) embedded, singly or in groups, in a matrix ; 
or (4) free in the serum. 

The matrices in which the bodies are embedded appear to consist of very 
delicate protoplasm, which stains a faint violet or mauve colour, and has a cloudy, or 
perhaps granular or even stromatic structure. The outline is generally sharp, but 
without a limiting contour suggestive of a cell wall. The shape is most commonly 
oval, but is sometimes quite irregular, as if the substance had been torn in pieces. 
The size of these masses of protoplasm varies greatly—from 3 m to 8 mw in the long 
diameter ; and they show no indication of possessing either nucleus or haemoglobin, 
or even granulations similar to those of leucocytes. It is, therefore, scarcely likely 
that they are derived from either the red or the white corpuscles. They contain no 
pigment or fatty granules. 

Embedded in these masses of protoplasm we find one or more of LetsHMAn’s 
bodies (Figs. 2-11). I have counted as many as twelve in one mass ; and have drawn 
another mass containing eight. From one to four appear to be the commonest 
number of bodies contained in each mass. Very often the mass is only partially 
occupied by the bodies (Figs. 7,9); but in such cases one does not observe any 
indications suggesting vacancies left by bodies which have dropped out of place. 
Occasionally one finds clusters of the bodies connected only by faint relics of the 
matrix, or even by none at all. 

When contained in such matrices, LersHman’s bodies have the following 
characters. They consist of a large and a small mass of deeply red chromatin, 
surrounded by a clear area. We may provisionally call these masses the macronucleus 
and micronucleus respectively, The former is roughly spherical, dense, and about 1 u& 
in diameter. The latter is generally (perhaps always) rod-like ; about 5 » or more 
in length ; stained still more deeply than the macronucleus ; situated about 1 « from 
the centre of the latter, and lying in various relative positions in regard to it. Some- 
times no micronucleus is to be seen, but this may be only because it is hidden by the 
larger mass. At other times it appears only as a deep red dot, but this may be due to its 
end-on position with regard to the observer ; and it is not possible to determine these 
questions in dried preparations, 

The clear area surrounding the twin chromatin masses extends a very little 


distance beyond them, and, when the bodies are contained in a matrix, is not usually 


defined by an outer contour—although this is sometimes the case. 

It should be noted that these embedded varieties of LeisHmMan’s bodies are 
found only in the two preparations made i#tra vitam. 

The free forms (Figs. 12-30) are precisely similar to the embedded forms, 


except that they possess a distinct, and apparently resistant, oval cell wall, from 2°5 
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Figs. 1. Red corpuscles. Figs. 12-30. Free forms. 
Figs..2-11. Embedded forms. Figs. 31,32- Forms lying within, or in 
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to 3°5 « in diameter. The cell wallis stained red, and the colour fades inwards, 
leaving a clear area round the macronucleus. The twin nuclei have exactly the same 
appearance and relative position as in the embedded forms. They lie usually at the 
ends of the minor diameter of the elliptic cell, and the macronucleus often bulges 
beyond it. I can find no definite examples in my preparations of division of either 
nucleus ; nor any suggestion of coupling of the bodies. 

The free forms are much more numerous than the embedded forms. In the post 
mortem specimen, there are about thirty in a field ; in the others they are less numerous, 
but larger, and possess a more definite cell wall. Of the many thousands of the free 
forms contained in the specimens made intra vitam, | can find only two or three lying 
apparently in the red cells (which are well preserved in these preparations). Two of 
these are given in the drawings (Figs. 31, 32) ; but I think such instances should be 
explained by accidental superposition, and are too rare to warrant the theory that the 
bodies are generally intracorpuscular. They appear to me to lie free in the serum. 

It should be noted that in the two intra vitam specimens, especially in one 
of them, the nuclei of many of the leucocytes exhibit curious massive nodular deeply- 
staining granules, arranged principally round the periphery of the nucleus. I am not 
familiar with such granules ; but cannot definitely connect them with LetsHMan’s 
bodies, 

There appears to me to be nothing to suggest that the parasites are degenerate 
trypanosomes. I have not found a single trypanosme, nor even the flagellum of one, 
in any of the preparations. Other reasons have been given in my previous paper; 
though LrtsuMan still contests the point, In my humble opinion, more is to be said 
for Laveran’s view—that they belong to the Pivoplasma group ; but I do not find, 
as he does, that they are ever piriform, or intracorpuscular, or that they show signs of 
bipartition, 

So far as I can judge from the three preparations, the individual I ErsHMan 
bodies appear to me to be spores given off from the protoplasmic matrices ; which, 
in their turn, would seem to be relics (e.g., portions of the bioplasm) of the parent 
organism, of which the entire forms have not been seen. ‘The evidently immature 
condition of the bodies within the matrices is further suggestive of this view. 


Laveran has named the organism Piroplasma donovani, But if my view 


proves to be right—if they belong to a new genus of Sporozoa—I would suggest the 
name Leishmania for that genus. The full name would then be Leshmania donovani, 
LaveRAN, 

LetsHMAN and Donovan have already connected the parasites with the 


ical 


chronic fever, anaemia, and enlargement of the spleen which constitute a patholog 


condition enormously prevalent in India. From Downovan’s charts, I recognize the 
clinical picture at once, and agree with Leishman that it is very similar to that of 


Kala-azar. Ot course many such cases may be merely chronic malaria ; but in 


82 


THOMPSON YATES AND JOHNSTON LABORATORIES REPORT 


many of them several observers, including myself, have searched in vain either for 


malaria or for the malaria parasites, At all events, the subject appears to me to be 


of the very first importance ; and it is to be hoped that the Government of India will 


not lose a moment in following it up—for economical reasons alone. 


Donovan and I have contributed other papers™ on this subject while the present 
pap | Pp 


one has been in the press. 
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NOTE ON THE DISCOVERY OF 7RYPANOSOMA 
GAMBIENSE, DUTTON 


By Proressor R. ROSS anp Proressor R. W. BOYCE 


N the Lancet for February 21, 1903, Professor SHERRINGTON and ourselves 
discussed in considerable detail the question of priority regarding the discovery 
of this organism. So far as we know, our facts have never been controverted, 

nor our opinions met by argument ; but we regret to observe that erroneous state- 
ments continue to be made in this connexion. It continues to be maintained that 
Nepveu made the discovery, although we have clearly shown that his claims cannot 
be accepted without the greatest reservation. It is also said that the parasite was 
discovered by Forpsg, and that Durron only described it, or that he merely named it 
We must point out again that while ForbE wascertainly the first to see the parasite, he, 
as he himself stated,” thought that it was Filaria perstans. It was Durron who recog- 
nized the organism to be a trypanosome ; and it was also Durron who was the first 
to give full details regarding the morphology of this trypanosome, and also regarding 
the symptoms produced by it in the host. Some of these symptoms had certainly 
been detected by Forpe, but others, andsome of the most important ones, were as cer- 
tainly detected by Durron. Since that time Durron and Topp have accumulated 
many fresh cases in Africa. 

As we have already admitted, the names of Forpe and Durron ought to be 
associated in this discovery ; but it is contrary to all usage to attribute the whole 
discovery to Forpe, who did not recognize that the organism which he had seen was 
a trypanosome, and who published nothing on the subject” until some months after 
Derron had published full details and had demonstrated the importance of the 
matter.” If observation without recognition 1s to be accepted as constituting sufficient 
grounds for discovery, then the whole of medical history must be rewritten. For 
example, many observers saw the parasites of malaria without recognizing them, long 
before Laveran both saw and recognized them in 1880. 

Several writers have attempted to change the name of the organism. They 
appear to be ignorant of the fact that a specific name once given cannot, by zoological 
rules, be changed. The name of the parasite is therefore Trypanosoma gambiense, 
Durron. 

The clinical details were discovered by Durron and Forbes, and first clearly 
described by Durron. It is not permissible to attempt to credit them to subsequent 
writers. 

N 
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By ERNEST GLYNN, M.A., M.B. Canvas. 


ASSISTANT LECTURER IN PATHOLOGY, UNIVERSITY OF LIVERPOOL 5 PATHOLOGIST AND ASSISTANT PHYSICIAN 
LIVERPOOL ROYAL INFIRMARY 


AND 


J. C. MATTHEWS, B.A., M.B. Canras. 


HOLT FELLOW IN PATHOLOGY,, UNIVERSITY OF LIVERPOOL 


T is a matter of common knowledge that the water in public swimming baths 
becomes turbid towards evening, especially if the number of bathers has been 
great. Two years ago one of us demonstrated that this turbidity was associated 
with a marked increase in the number of micro-organisms present in the water.* 
By kind permission of Mr. W. Roserrs, Chairman of the Liverpool Public Baths 
Committee, and of Mr. Court, the Baths Superintendent, we have been able to make 
further observations, and, although they are far from complete, we have ventured to 
publish them, partly because little or no attention has been paid to the flora of 
public swimming baths, in this country, at any rate; and partly because the results 
of our observations appear to be of some scientific interest, perhaps of practical value: 

Attention was directed to the following points :— 
1. Number of bacteria present in the water at the beginning and end of the 

day. . 


The source of the bacteria. 


iw) 


3. The presence of certain pathogenic bacteria. 

4. The possibility of conttacting infectious or other diseases from bathing. 

The following method was adopted. 

A, Samples were collected in sterilized flasks, usually at seven a.m. and 
nine p.m., and plated on agar within two hours, in order to avoid any multiplication 
of the bacteria; occasionally the samples were kept for three or four hours on ice before 
plating. 

B. The clean water was never collected from the bath until it had been well 
stirred by two or three bathers, it’ case the bacteria should have gravitated to the 
bottom during the night when the water was still. Care was taken to avoid contamin- 
ation of the sample with solid particles occasionally floating on the surface of the water. 

Let us first consider the condition of the water at six or seven a.m., when the 
bath is opened to the public. Usually the baths examined were emptied every night, 
occasionally on the second or third night. The process of emptying began about nine 
p-m., and was completed at ten p.m.; the sides and floor of the bath were then washed 
with clean water from a hose, and at about eleven p.m., the fresh water for the next day 
commenced to run in. The temperature of the water throughout the day and night 


in every bath was practically the same, viz., 70° F. 


* E, Glynn. Observations upon Bacteria in Public Swimming Baths. Liverpool Medical Chir. Journal, 1902. 
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Now the water used to fill the baths examined was either fresh or salt ; if salt, 
owing to careful filtration, it contained under 10 bacteria per c.c.; if fresh, not more 
than 40 per c.c. But after entering the bath this water was contaminated with 
bacteria adhering to the floor and sides, and by others dropping in from the air, 
consequently the number of bacteria present in the morning at six a.m. had increased. 
A salt water bath, for example, examined on three occasions at seven a.m., after the water 
had been stirred by two or three bathers, contained an average of 46 bacteria per c.c., the 
highest figure being 61 per c.c. Again, the clean water in a first-class fresh water bath, 
examined about eight a.m., on four occasions contained an average number of 541 
bacteria per c.c., average number of bathers being thirteen; and the second-class 
examined on eight occasions, 1,096 per c.c., the average number of bathers being 
twenty-one. Thus, making allowances for the number of bacteria introduced by each 
bather, it is clear that the clean water inthe bath contains comparatively few bacteria. 

The following table gives the average number of bacteria growing on agar at 
37° C., present in various swimming baths at nine p.m.; the capacity of the bath, 
the number of bathers, and the number of observations is also stated ; baths bracketed 
together were in the same building. In Nos. 1 to §, inclusive, the water was 
changed daily. In the case of No. 6, the same water remained in the bath three 
days on two occasions ; samples were taken every evening, and the figure in column 
four represents the average of the six observations. No. 7 and No. 10 were clean in 
the morning of the day that they were examined. Nos. 8 and g had been clean the 
morning before. 


Capacity Bacteria present Number of | Number of 
Wy acPenanen Class (Gallons) per c.c. bathers observations 
1. Liverpool. Salt water o8é First 55,000 5,088 276 2 
2. Liverpool. Salt water ] ... First 70,000 4,194 2, 8 
2a. Liverpool. Salt water | ve First 70,000 966 go 5 
1 
(October) r 
3. Liverpool. Salt water | ae Second 26,300 11,970 186 3 
4. Liverpool. Salt water | bor Ladies 28,000 1,120 80 2 
5. Liverpool. Fresh water eae Second 70,000 70,880 596 8 
6. Liverpool. Fresh water } oe First 70,000 29,050 150 6 
E 7 9505 5 
7. Lancashire. Fresh water First 38,000 1,500 53 I 
8. Lancashire. Fresh water } Second 52,000 297,600 483 I 
g. Lancashire. Fresh water First 100,000 342,400 380 I 
10. Lancashire. Fresh water } Ladies 0,000 192,000 80 I 
4 9 
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Apart from the enormous number of bacteria present in the evening, three points are 
worth noting :— 

1. That Liverpool baths compare very favourably with others in the county 
of Lancashire (vide diagram). 

2. That as a whole first class baths contain fewer bacteria than second class. 

3. The bacteria were more numerous in the fresh water baths than in the 
salt water, partly because they multiplied more rapidly, and partly because the fresh 
water baths were less frequently emptied. 


LIVERPOOL 


NoTE.—6,000 should read as 1,500 

We will now briefly consider the source of the bacteria. How is it that the 
clean water in the morning contains very few bacteria, and that in the evening, often 
many thousands ? 

The organisms present in the evening comprise :—(1) Those originally present 
in the clear water ; (2) those derived from the sides of the bath and from the air ; 
(3) those derived from the bodies of the bathers ; (4) those arising by multiplication 
of these organisms during the day. 

The fact that the salt water bath referred to already contained only 46 bacteria 
per c.c. in the morning and fresh water only 500 even after several bathers had 
entered it, prove that the number of organisms introduced from the sides of the bath 
and from the air is relatively insignificant ; consequently the vast majority must be 
derived from the bodies of the bathers or from multiplication, 

In order to determine whether the bacteria carried into a salt bath by the morn- 
ing bathers had multiplied appreciably by the evening, the following experiments 


were performed. 
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About mid-day about half-a-pint of bath water, already contaminated by 
numerous bathers, was collected in a sterile bottle, and a small quantity of this was 
poured into a sterile test-tube. 

The bottle (with the remaining go c.c.) having been tightly corked with a 
sterile glass stopper, was sunk to the bottom of the bath, and left there until nine 
p.m. 

By immediately plating a sample of the water in the test-tube, the number 
of bacteria present in a cubic centimetre of the water in the bottle at mid-day was 
found, It is clear, as the bottle was sunk in the bath, that the organisms in it 
were subjected to the same conditions of light and temperature as the rest of the 
organisms in the bath, If the organisms introduced into the bath before noon 
multiplied by nine p.m., then the organisms in the bottle would also multiply, and 
the rate of multiplication could be calculated. A sample from the bottle was taken at 
nine p.m,, and the number of bacteria per c.c. was ascertained. The number of bacteria 
in the bath water itself on that particular night was also found. 


These observations were repeated on five different occasions, and gave the 


following average result :— 
Water in the bottle at mid-day — 921 bacteria per c.c. 
re - - DINE PAMia— 1, 33 Ol ea, a, 
” ” bath »” —$,027 »” ” » 


On two occasions when the water in a second-class salt water bath was not 
changed on Sunday owing to the small number of bathers, the bacteria averaged 
380 per c.c. on Sunday at nine a.m., and 1,270 per c.c. on Monday at nine a.m. 
Lastly, the fact that in the month of October, when there are few bathers, the number 
of bacteria reached, in a series of five observations, only 966 per c.c., is additional 
evidence that multiplication takes place very slowly in salt water. 

The bottle observations were repeated in a second class fresh water bath on six 


occasions, with the following average results :— 


Water in the bottle at one p.m.— 5,772 per c.c. 
. . of nine p.m.— 34,315 4 
= 3 bath = —87,000 ,, 


thus in the same time and under the same conditions, the bacteria in the salt water 
bath scarcely multiplied at all, while those in the fresh water bath increased six-fold. 

For some unascertained reason an extraordinarily rapid multiplication of bacteria 
was liable to occur in a fresh water bath which was frequently examined, when the 
water was two or three days’ old. By special arrangement the water was left in this bath, 
which was very little used, for three days in succession without changing. The number 
of bacteria were estimated night and morning on each of the three days, 

This series of observations was made on two occasions. By adding together 
the number present on each day in the morning and evening, and striking an average, 


there were :—First day, 1,983 ; second day, 72,625; third day, 17,770. 
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Thus we see that the bacteria multiplied enormously on the first night, and 
disappeared with almost equal rapidity on the second, poisoned as it were by their own 
toxin. This extraordinary increase was mainly due to the multiplication of one bacillus, 
for the plates examined on the second day, both morning and evening, on all occasions 
were almost a pure culture. This bacillus was found by one of us in the same baths 
two years ago, it has not been identified, its cultural characteristics are the following :— 
Agar, white opalescent growth ; Gelatine, non-liq. ; Milk, alkaline ; Glucose broth, 
decolourized ; Glycerine and Mannite broth, unchanged ; Cane Sugar broth, acid. 
Non-motile ; Gram negative. This bacillus appears also in a second class bath in the 
same building, but to a lesser extent, as the water was changed every day and 
consequently the multiplication was slight. 

Though no estimate of the multiplication rate was made in fresh water baths 
outside Liverpool, yet the fact that they contained such enormous numbers of bacteria, 
taking into consideration the capacity of the bath and the number of the bathers, proves 
that a very considerable multiplication occurred, but the predominant bacilli were not 
the same as obtained in Liverpool. 

With regard to this extraordinary multiplication in fresh water, FRANKLAND'”? 
has pointed out that it takes place more abundantly in pure water or in water containing 
a small number of microbes to start with, than in impure or waters containing a large 
initial number. In fact, Mreue” states ‘that spring water may be characterized by 
the power of rapid multiplication possessed by the bacteria present, as well as by the 
rapid decline in their numbers subsequently exhibited’; he found that the bacteria 
in spring water increased from a few hundred to over a million in five days, and by 
the tenth day an almost equally rayid reduction takes place. 

The water in public swimming baths fulfils these conditions, at least when it 
is clean ; the temperature being higher than that of ordinary spring and river water 
would tend to produce a more rapid multiplication. 

The important fact that multiplication of bacteria in fresh water swimming 
baths is more rapid than in salt water was confirmed in the laboratory by inoculating 
organisms derived from different sources into sterilized fresh water and salt water 
obtained from the baths. When we consider that salt water contains bromides, iodides, 
and chlorides of sodium, and other salts, which are known to be more or less antiseptic, 
this result is not surprising. 


We have calculated in round numbers the average number of bacteria introduced 


ge 
into the water by one first class bather and one second class bather, the calculations 
being made from observations on the salt water baths in order to eliminate the error 
due to multiplication. 

Taking the average of eight observations in a first class salt water bath, which 
was emptied daily, the water contained 4,194 bacteria per c.c. at nine p.m., the 


number of bathers being 277. Making liberal allowances for the bacteria present in 
) 
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the clean water and for slight multiplication during the day, these 277 bathers 
introduced in round numbers 3,500 bacteria per c.c. Therefore each individual 
introduced 12°6 bacteria per c.c. Now, the capacity of the first class bath is 70,00c 
gallons, 7.e., about 320,000,000 c.c. Therefore the water removed from the skin 
and hair of each bather in about ten minutes approximately 4,000,000,000 bacteria. 

Truly it is a great and glorious thing to wash, even in a swimming bath, and 
without soap ! 

In the same way, the capacity of the second-class bath being about 100,000,000 
c.c., each bather contaminated the water with 6,000,000,000 bacteria. Now, the bathers 
in the second class are mainly small boys, and the amount of hair and number of 
square inches of skin on their bodies must be little more than half that of the older 
and bigger bathers in the first class. Therefore it appears that the skin of a small 
boy in the second class is at least twice as dirty as that of the more respectable bathers 
in the first class. One has only to see the small boy before and after bathing to be 
convinced that this bacteriological deduction is substantially correct. 

The colossal figures just mentioned are rather appalling, but we are convinced 
that they are approximately accurate. One has only to reflect that bacteria swarm on 
the hair, on every particle of epidermis, and in the mouth of every sweat gland to 
realize that the total number upon the human body must be enormous. 

In order to test the accuracy of these figures, the following experiments were 
performed :— 

An ordinary slipper bath was filled with a measured amount of water containing 
a known number of bacteria, the temperature of the water being 100° F. An individual 
then entered the water, remaining there about five minutes, rubbing himself well, but 
no soap was used, a sample of the water was then taken. The number of bacteria 
shed from his skin in each instance was calculated. The results varied considerably — 
a dirty male hospital patient shed twenty-five thousand million bacteria, a clean man, 
with a smooth skin, three thousand million, another with a hairy skin fourteen thousand 
million. Now it is obvious that the number of bacteria shed from the skin of a person 
sitting in a slipper bath for about five minutes must be much less than those 
removed from a bather swimming about ina public bath for say a quarter-of-an-hour. 
In the latter case, the friction of the water on the skin 1s much greater and the 
bacteria removed more numerous. With a view to equalizing the conditions, the 
temperature of the water in the slipper bath was raised to 100° F., 7.e., 30° F. above that 
of a swimminy bath. 

It is interesting that as the result of five observations made in a first 
class salt water bath in October, 1g01, the number of bacteria shed by each bather 
was under three thousand million, instead of four thousand million as obtained in the 
summer. There are two reasons for this curious fact. (1) That as there is less 


moisture on the surface of the skin in cold weather, it affords a less favourable breeding- 
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ground. (2) That bathers who have the energy to swim in October, are probably in 
the habit of taking a cold bath every day throughout the year, and are constantly 
cleaner than the average. The practical inference is this ; assuming for the sake of 
argument that bacteria are undesirable occupants of swimming baths, it is not necessary 
to change the water so frequently in cold weather as in hot weather, because each bather 
introduces less bacteria. 

While it is impossible to markedly diminish the number of bacteria carried into 
the bath without compelling each person to use soap before bathing, a question which 
will be referred to later, there is a frequent source of pollution which might easily be 
avoided, it is this :—Between the edge of the bath and the dressing-boxes there runs 
a tiled corridor about four feet wide. Along this corridor, which is usually soaked 
with water, dripping from the bodies of the bathers, fully dressed persons are 
constantly walking and unconsciously washing the soles of their dirty boots. Thus 
in a short time the surface of the corridor is black with dirt carried in by the boots 
from the streets, Meanwhile, bathers are also walking along this corridor 
in their bare feet, and carrying the filth from it into the bath. The state of the corridor 
is worse in the evening, when every box is occupied, when persons are standing about 
waiting for an empty one, and when the attendant is too busy to be constantly 
washing the dirt off its surface. We counted one night eighty people walking over a 
square yard of the corridor in their dirty boots in the space of forty minutes. Let 
anyone who doubts the truth of this statement go when the baths are full ; let him 
walk along the corridor in his bare feet, wipe his feet on a towel, and then examine 
the towel ; or let him wash his feet in clean water and then examine the water, and he 
will find it turbid, and containing fragments of straw, horse-hair, and other dirt 
derived from the streets. The sediment which had collected in the gutter at the side 
of the corridor of a first-class bath contained over 300,000,000 bacteria per c.c. 

The following experiment was performed to estimate approximately the number 
of bacteria which might be carried into the bath from the dirty corridor by the feet 
of the bather. A boy, after swimming about the bath, came out and stood on the 
corridor. We asked him to rinse his feet in 500 c.c. of water containing a known 
number of bacteria, and then calculated the number of bacteria introduced by the dirt 
on his feet, and found that had he dived into'the bath he would have carried in some 
80,000,000 organisms at least. This observation was repeated several times by one 
of us on his own feet, and it was found the number of bacteria deposited on the 
soles varied, according to circumstances, from thirty million to over a hundred million. 

When the water is still, this material deposits itself in patches at the bottom of 
the bath, and is often visible to the naked eye. This deposit has substantially the 
same composition as that obtained from the bathers’ feet in the above experiment. 

Weare convinced that a large amount of street dirt is needlessly carried into the 


bath by the feet of the bathers, especially in certain old-fashioned baths where the 
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corridor is of wood and smooth. Organisms carried with such dirt are more likely 
to be injurious to the bathers than those derived from their own skins. Thus the 
bacillus of tetanus is common in horse-dung, and tubercle bacilli are constantly 
expectorated upon the street pavements, as Dr. Annerr® has found in Liverpool. 

Of course the number of bacteria, in other words, the amount of street dirt 
Introduced in this manner varies considerably according to circumstances, and accord- 
ing especially to the frequency with which the corridor is washed; it is worst on club 
nights and when the streets are muddy. 

Although the number of organisms thus introduced into the bath is probably 
too small to be harmful, yet on general Aygienic principles their introduction at all is 
most undesirable. 


This source of pollution might be prevented in four ways :— 


1. By more frequently washing the corridor—a very difficult matter when the 
baths are crowded. 

2. By insisting that every bather should remove his boots in an adjacent 
room before entering the corridor surrounding the bath, a rather annoying regu- 
lation. 

3. By automatically flushing the corridor with water. 

4. By certain structural alterations. 

We believe the ideal bath should have two corridors, an inner one between 
the bath and the dressing boxes, a second one outside the dressing boxes. The 
dressing boxes should be open back and front. No one should be allowed to walk 
on the inner corridor unless he was barefooted, and no one upon the outer corridor 
unless he had his boots on. ‘Yo construct a bath on this principle with two corridors 
instead of one means an increased initial expenditure, but there are several great 
advantages. 

1. The corridor would not require constant washing, and consequently the 
attendant would have more time to devote to his other duties. 

2. The fact that the inner corridor was, so to speak, ‘ sacred’ to the bathers 
would have a moral effect. It would tend to impress the importance of cleanliness. 
Bathers would be less likely to spit on a clean corridor than on a dirty one, for the 
expectoration would be more conspicuous. 

3. The water would be cleaner and, therefore, more attractive, and con- 
sequently better patronized. Swimming deserves every encouragement. 

We do not advocate the reconstruction on this plan of baths already existing, 
especially if the expense of the alterations is great ; but we are strongly of the opinion 
that new baths should be built on this principle if progress in matters of cleanliness 
is worth anything. 

No attempt has been made to classify or identify the nature of the bacteria 


present in the water ; yeasts and sarcinae were common, moulds comparatively few, 
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liquefiers of gelatine were under one per cent. We never succeeded in discovering 
streptococci, probably because the colonies on agar plates are small and difficult to 
identify, but, perhaps, because streptococci are difficult organisms to cultivate. 

Staphylococcus aureus and citreus were very rare, and totally absent in the vast 
majority of plates examined, even though the plates were kept for a week or more, 
in order that the colonies, if present, might develop their characteristic colour, and 
thus be easily identified. Other staphylococci were present in large numbers, and 
comprised three varieties, Staphylococcus pyogenes albus, Staphylococcus epidermidis albus 
of Wercnu, and Staphylococcus cereus albus. A rough idea of the frequency of staphy- 
lococci in salt water at the end of the day may be gathered from the following 
observations :— 

Five agar plates contained a total of one hundred and one superficial colonies ; 
twenty-three of these proved to be staphylococci—eleven Staphylococcus cereus albus, 
eight Staphylococcus pyogenes albus, four Staphylococcus epidermidis albus. 

A number of observations were made on the occurrence of B. coli communis, 
for these organisms are a rough index of faecal contamination. Now it is by no 
means a simple task to identify a colony of coli on an agar plate containing colonies of 
other organisms. Fortunately we wereable to employ bile salt agar, a medium synthesised 
by Dr. MacConxkey™ in this laboratory. Colonies of colon bacillus have a most 
characteristic appearance on this medium, so their identification is a comparatively easy 
matter ; the medium was tested by working out cultural characteristics of at least 
eighty colonies which resembled B. coli. The result was eminently satisfactory. By 
B. coli we mean Escherich’s coli, also another B. coli very closely allied to it, which differs 
in this respect, it forms acid and gas in cane sugar. The media used in testing bile 
salt agar and in identifying B. coli were glucose, lactose, mannite, and cane sugar 
broths and litmus milk ; the motility, the staining reaction by Gram’s method, and 
the method of growth in gelatine were tested in each individual instance. 

B. coli was present in the bath at the end of day, 2°15 per c.c. in the first class, 
and 8-9 per c.c. in the second class. It was always absent in the clean water, It does 
not exist in the air, as Miss Cuick) points out in her article on the Distribution of B. colt 
communis, therefore it could not have dropped into the bath, so its presence is an indication 
of faecal pollution from material which was derived mainly from the bodies of the bathers, 
but as we found also in small part from the fragments of horse manure, which, being 
deposited on the surface of the corridor, were carried into the baths. The bacillus 
multiplied slightly in salt water during the day, no observations were made with 
reference to its multiplication in fresh water. The number of coli carried in by each 
bather in a first class bath was approximately two million four hundred thousand ; in 
a second class bath exactly double. 

Is swimming bath water, containing several thousand of bacteria per c.c., 
mainly derived from the human body, injurious or likely to be injurious to those 


bathing in it ? 
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This is a question which cannot be settled off-hand or by one series of 
observations. 

It must be remembered that such water would contain not only bacteria 
and their toxines, but also waste products secreted from the skin of the bather, which 
are perhaps harmful. The injurious effect, if any, of bathing in dirty water would 
largely depend on the quantity and the nature of the bacteria swallowed. Drinking 
water rarely contains more than 50 bacteria per c.c., and 305 bacteria per c.c. probably 
represent the highest limit of safety, not because the bacteria are themselves harmful, 
but because their presence is an indication of sewage contamination. The number of 
organisms 1n fresh water, river or lake, unless there has been extensive sewage 
contamination, is considerably less per c.c. than in a first-class swimming bath at the 
end of a summer’s day. It is absurd to hold that bath water containing a multitude 
of microbes is necessarily injurious to the bather—uit is not meant to drink, 

The average bather only swallows a very little, and when we consider that his 
mouth and alimentary canal is swarming with bacteria, that his skin is normally 
covered with them, and that he may swallow thousands ina glass of milk, a few more 
from a bath are of no consequence provided they are non-pathogenic. 

Of course, if the inhabitants of Liverpool suddenly made a practice of 
drinking the dirty water from their second class swimming baths, even though 
they might not contract typhoid, their general health would be impaired, and their 
resistance to disease lessened ; perhaps they would suffer from dyspepsia. On the 
other hand, a bather might swallow with impunity an occasional mouthful of water 
full of bacteria. 

Bathing in swimming baths might produce injurious effects in several ways. 

1. The so-called ‘chill’ from staying in too long has occasionally been followed 
by nephritis, perhaps pneumonia. Regulations state that no bather must remain in 
the water more than half-an-hour, but boys frequently evade this, and are consequently 
liable, as we have found, to suffer from cold in the head, ete. In our opinion, a 
quarter-of-an-hour or twenty minutes in the bath is ample for the average person. 

2. A microbic disease, like typhoid or diphtheria, or an infectious one like 
scarlet, might possibly be contracted from polluted water. 

With regard to typhoid, it appears that typhoid bacilli may remain in the 
urine and faeces of those convalescent from the disease much longer than was 
previously suspected ; typhoid bacilli may therefore occasionally enter a bath. But 
arguing from the average number of coli introduced into a bath by one bather, it is 
probable that the number of typhoid bacilli introduced by one individual, whether he 
was convalescent or suffering from the ambulatory form, would be so small that, when 
diluted in thousands of gallons of water, another bather would have to drink a pint 
or more in order to swallow even half-a-dozen ; besides, it is questionable whether the 


ingestion of half-a-dozen typhoid bacilli will necessarily produce typhoid. 
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But, supposing a bath became infected in the manner suggested with typhoid, 
the bacilli might multiply considerably if the water was not frequently changed, 
especially if it was fresh, not salt. Herrpman® and Boyce in their monograph on 
oysters have proved that sea water actually tends to destroy typhoid bacilli, a point 


in favour of salt water swimming baths. 


Apart from a specific or infectious disease, bathers might be attacked with 
gastro-intestinal troubles, headache, sore throat, etc., and complaints similar to those 


following the inhalation of sewer gas, or drinking sewage-contaminated water. 


We instituted an enquiry among several schools which are in the habit of 
using the Liverpool Swimming Baths, in order to ascertain if bathing in them was 
ever followed by illness. Six headmasters furnished us with information, their 
experience extended over several years, and they had collectively supervised several 
hundred children. Two had never heard of any illness from bathing ; two stated 
that colds occasionally occured ; three found that headache was not infrequent, which 
one attributed to staying in the water too long ; lastly, one had noted ‘that once or twice 
a month a boy after bathing in a salt water bath at seven a.m. on Monday may vomit 
but soon recovers.’ This he attributed to swallowing the salt water, and we quite 
agree with him, for the water in the bath in question is always clean on Monday 
morning, and consequently contains very few bacteria. The nett result of this enquiry 


is therefore very satisfactory for Liverpool. 


Whether the results would be equally favourable in other towns, where the 
water is less frequently changed, 1s another matter. Dr. Macatisrer, Physician to the 
Royal Southern Hospital, is convinced from actual experience of industrial schools that 
many cases of the so-called Institution Pneumonia, a rapidly fatal and mysterious disease, 
are due to washing too many children in the school bath on the same day without changing 
the water. In a Liverpool Industrial School some years ago, at least half-a-dozen fatal 
cases of this malady occurred in about four years. Here it was then customary to wash 
two hundred children in a bath containing three thousand gallons of water at go” F., with- 
out changing the water. Those suffering from skin diseases or ear troubles entered 
in the last batch! Therefore, if each bather shed six thousand million bacteria, the 
number of organisms in the bath would rise to ninety thousand per c.c. Fresh 
regulations have now been introduced with regard to bathing, and no case of Institution 
Pneumonia has occurred for several years. 

Earache is a common complaint among bathers, but it seems to be mainly due 

~ to concussion of the water when diving. 

| There are certain healthy persons accustomed to bathe in open air, who always 
feel tired or stupid after swimming in a public bath, especially fresh water. We do 
not believe this feeling of lassitude is due to the fact that the water in the bath contains 
multitudes of microbes. We think it is partly because the temperature of the water 
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is often too high, but mainly because baths are frequently badly ventilated. The great 
importance of ¢horough ventilation in swimming baths, gymnasia, ballrooms, and other 
buildings in which violent physical exercise is taken, is usually overlooked. 

Lastly, assuming that it is proved that no definite illness ever occurs directly 
attributed to bathing in dirty water, it does not, therefore, follow that ‘such water is 
healthy ; it may be unhealthy, it may diminish the vitality of the constant bather 
without him being aware of it. It has taken centuries for the civilized world to 
appreciate the fact that impure air is, in the long run, injurious. 

To sum up, though there is no evidence whatever at present that bacteria 
in public swimming baths are injurious, yet if they occur in large numbers it proves 
that the water 1s not clean, to put it mildly, and clean/iness 1s the essence of hygiene. 

Therefore, it should be the ambition of every bath superintendent to 
keep tne water as clean as possible, and to change it’ as often as possible, 
at least every third day. This of course is often a question of money. To 
show what may happen, we can vouch for the fact that there is a swimming 
bath in a Midland manufacturing town which was formerly emptied once a 
fortnight, but now, by occasionally drawing a pole over the surface of the water and 


thereby catching the solid particles which float upon it, a process known as ‘scumming ’ 


the water, it is now changed once a month—a crime against sanitation. 

There is another reason why the water should, in most cases, be changed 
frequently, it is this. It does not require a bacteriologist to prove that the water is 
often dirty, the bather can see it, and as dirty water is less attractive there are fewer 
bathers. 

In our opinion, all municipal authorities should, in the interests of public health, 
encourage swimming in every legitimate manner, not only because every Briton should 
be able to swim, but also because there is probably no form of exercise more suitable 
for the over-worked and busy inhabitants of dirty towns than swimming. It is a tonic. 
It affords a maximum amount of exercise in a minimum amount of time. It cleans the 
bather—unfortunately at the expense of the bath. 

We do not think it necessary that every bather should be made to use soap 
before entering the bath, as obtains in several colliery districts in Lancashire, especially 
as such a practice would, owing to the trouble, certainly prevent many people from 
bathing. 

In conclusion, we are bound to say that there is probably no town in the king- 
dom where there are more baths, especially salt water baths ; where the water is more 
frequently changed, owing to the splendid water supply ; and where more care and 
supervision is exercised over the baths than in Liverpool. 

We beg to thank the Authorities and Superintendents for their great courtesy 


in affording us every facility during the investigation. 
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A PARASITIC DISEASE IN THE HADDOCK 
(Gadus aeglefinus) 


By deve WW. > EE PLIENS. IVD. iP. anp RUBERT BOYCE, M-B.; E:R Ss. 


N October 23, 1903, a smoked haddock (from Grimsby) was sent to the 
Bacteriological Department for examination. It was seized by one of the 
meat inspectors as it appeared to him that the muscle of the fish was abnormally 

pale and that the ‘curing’ had not been properly carried out. 

Upon examination we found, scattered throughout the substance of the muscle, 
numerous small white specks which forcibly reminded us of the appearance of encysted 
trichinae in muscle. In Fig. 1, a photograph, natural size, made from a thin slice of 
the muscle, the appearances of the specks are well seen. They are spindle shaped, 
two or three times longer than broad, they vary in length from a speck just visible to 
the naked eye to a body one-twelfth to one-eight inches long ; their long axis is 
parallel to the direction of the muscular fibres, and they are opaque white in colour, 
contrasting with the transparent muscular fibres. Portions of the tissue were hardened 
in mercuric perchloride and in formol in the usual manner, and carefully embedded in 
paraffin. The sections were stained by several methods, and included haematoxylin 
and eosin, methylene blue, carbol fuchsine and methylene blue, erythrosin and 
methylene blue, and Romanowsky. For the preparation of the sections we are 
indebted to the assistance of Dr. Frep. Grirriry (Alexander Fellow). 

When one of the spindle-shaped bodies is examined under the low power, and 
after staining, as in Fig. 2, it is seen to be composed not of one single parasite but of 
what appears to be very numerous minute unicellular encapsuled bodies infiltrated 
between the muscular fibres. They are clearly in the intermuscular fibrous tissue, but 
they press into the muscle fibres, and the muscle fibres in their midst are in advanced 
degeneration. At first sight the curious homogeneous appearance of the spindle body 
might lead one to suppose that one had to deal with a comparatively large and complex 
parasite, and that the unicellular bodies were ova, but careful examination shows no 
evidence of complex structure, and, moreover, that the margin of the spindle-shaped 
body is not encapsuled by a definite body wall, and that irregular ramifications of the 
mass extend into the surrounding intermuscular tissue. The spindle body is a necrotic 
focus in the muscle produced by the invasion of what appears to be a unicellular 
parasite. It must always be borne in mind that the description of the sections is con- 
ducted under difficulties, for the structure cannot be as well preserved by smoke curing 
as by proper laboratory methods of fixing ; for instance, there was abundant evidence 
throughout the sections of bacterial infection, colonies of cocci having penetrated 


in many directions between the muscular fibres. Nevertheless, the tissue elements 
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have preserved a considerable amount of their normal appearance, the connective tissue 
can be stained and the cross striation of the muscular fibres is very manifest, nor 
does it appear that the parasites themselves have been the seat of any pronounced 
artefaction. 

In Fig. 3 the spindle-shaped body 1s shown in transverse section, it is round 
or oval in outline, not encapsuled by a membrane, but the parasites lie in a mass of 
degenerated muscle substance, and the intermuscular connective tissue penetrates into 
and is then lost in the necrotic mass. In this section the parasites appear as round 
darkly staining bodies (section stained with haematoxylin) surrounded by a clear halo, 
and in other places empty capsules are visible. In Figs. 4 and 5, stained with methylene 
blue and eosine, the appearance of the parasitic bodies in Fig. 4 are seen to be for the 
most part grouped in columns parallel to the degenerated muscle fibres. They vary 
very greatly in size, and in the bottom corner of the section there is a number of 
capsules in which the parasites have disappeared and the folded membranous sheaths 


are clearly visible. 


STRUCTURE OF PARASITE 


The parasite consists of a granular protoplasmic mass without visible differenti- 
ation ofa nucleus. The protoplasm may be either finely or coarsely granular reticulated 
or vacuolated. Each protoplasmic mass is surrounded by a capsule. The thick- 
ness of the capsule is equal to about one-half that of the contained protoplasmic mass. 
It is limited by a definite membrane of double contour, whilst the portion intervening 
between the membrane and the protoplasmic mass appears to consist of a jelly-like 
material which assumes, under certain circumstances, a folded or spongy appearance, 
and often produces the appearance as if the central mass was suspended by a series of 
suspensory fibres. Occasionally a number of regularly arranged granules may be seen 
on the surface of the central protoplasmic masses, and from these fine filaments radiate 
out. In some instances we came across marked radiation as in the uppermost parasites 
in Fig. 8. In other instances, where the capsule was very large as in the lower fig. in 
Fig. 8, and from which the protoplasmic mass had apparently migrated, there can be 
seen marked evidence of radiating filaments which appear to extend from the periphery 
of the capsule to the innermost layer, which would be immediately in contact with the 
central protoplasmic mass ; at both points of attachment the ends of the threads appear 
thickened. The formation of these thread-like radiations appear to be most marked 
when the central protoplasmic masses have commenced to leave their capsules in the 
manner to be described. In the various stains which we used we found no specially 
selective stain for the central protoplasm. It stained readily with haematoxylin and 
with aniline dyes. The membraneous portion of the capsule stained sometimes best 
with methylene blue, but we did not obtain any specific reaction. The gelatinous 


intervening material did not stain. 
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MIGRATION OF THE CENTRAL ProtopLasmic Masses 


We observed a very curious appearance, depicted in Figs. 6 and 7, in nearly all 
our sections. ‘This consists in the protrusion of the cyst wall by the parasite. A long 
neck is formed to the cyst, rupture of the thinned extremity takes place, and the 
contained protoplasmic mass, which has now assumed an elongated form, migrates into 
the surrounding necrotic material or into the adjacent muscle fibres. In Fig. 7 (3) a 
parasite is shown in the muscle fibre which has wandered out from its capsule. In 
Fig. 6, the winding nature of the path along which the parasite has travelled to reach 
the muscle is also clearly indicated. The paths alone which the parasites wander 
after they leave their capsules, appear to lie in the intermuscular connective tissue, and 
they then either may penetrate into the muscle fibre, where they become encysted and 
produce a localized bulging of the fibre, or they remain in the intermuscular connective 
tissue. In nearly all sections traces of the free parasites as elongated or tapering 
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protoplasmic bodies may be seen, and corresponding to this there are always a large 


number ot empty capsules. 


Spore FORMATION 


We have not seen in any of our sections any structure which suggests spore 
formation, nor, in fact, any definite segmentation of the protoplasm. Here and there 
in the necrotic material, and also between the muscle fibres adjacent to the spindle- 
shaped mass could be seen small oval thin-walled vesicular bodies apparently devoid 
of contents, which varied in size, and though resembling a cyst in nature had not the 
appearance of spores. Further, in some of the cavities usually occupied by the parasite 


are found instead spherical amorphous bodies. 


Nature OF ParRASsITE 


The naked eye appearance of the spindle masses in the muscle suggested the 
idea that we had to do either with an encysted form of a worm belonging to the 
Nemathelminthes, or with a parasite of a myxosporidian or sarcosporidian nature. In 
favour of the former view is the fact that Professor E. A. Mincuin, who kindly 
examined some of our slides, is of the opinion that the structures in question are really 
degenerated worms probably of the order Acantho-ephala, and that some of the masses 
described by us are really ova. We do not think, however, that this view can hold 
good, tor the whole structure has no definite outline as this would imply, but is, in 
fact, an ill-defined infiltrating mass, and the encysted bodies vary so much in size, 
that they can hardly be ova. There are equal difficulties in the way of accepting a 
neo-sporidian explanation. They appear to be structures totally unlike those hitherto 
described in these orders. "They have no appearance of spore formation, and the 
presence of a complicated structure, such as that of the radiate body of Fig. 8, appears 
incompatible with bodies or a sporozoan nature. We must, therefore, examine if 


possible fresh material in fresh fish before we can hope to explain their nature. 


Figs 1 
Thin Section of Muscle of Haddock, natural size, 
showing Spindle-shaped Parasitic Areas. 
Unstained. 


Fig. 2 
Low Power Microphotograph of Section of one of the Spindle 
Areas. ‘The Parasite is seen invading the Muscle Fibres. 
Stained with Haematoxylin and Eosin. 


Fic. 3 Fic. 4 
‘Transverse Section of Spindle Area, showing the Shows the Variable Size of the Parasites lying scattered 
Encapsuled Parasites. in the Degenerate Muscle Fibres. Empty Capsules 
Obj. 1 in. Haematoxylin and Eosin. are also seen. Section slightly more highly 


magnified than in Fig. 3. Eosin and 
Methylene Blue. 


Fic. 5 Fic. 6 
Shows the Encapsuled Parasites. Obj. 12 in. Shows a Parasite which has migrated into a Muscular 


Eosin and Methylene Blue. Fibre and the path along which it has passed. 
Obj. 1's in. 


sites 7 
Fig. 1 (p) shows Neck-like Protrusion formed by Parasite. 
Fig. 2 shows similar Protrusions (p) and (c) directed into reas 


the neighbouring Muscle bundles. 
In Fig. 3 (f) the Parasite has entered the substance of the 
Muscular Fibre. Obj. a2 in. 


Fig. 8 shows the System of Radiate Structures some- 
times seen extending from the centre to the 
Periphery of the Capsules. 
In (p) and (f) the Parasites are still present in capsules. 
In the lower larger structure the radiation is complete 
and the Parasite has left the Capsule. 


(c) Capsule. (m7) Muscle Fibres. Obj. a's in. 
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